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DISCIPLINE AND LIBERTY WITHIN 
THE SOCIAL SYSTEM 


ROF. F. A. HAYEK has now brought together a 

series of studies on science and the study of society 
first published in Hconomica during 1942-44, the 
essays on L’Ecole Polytechnique which Saint-Simon 
dnd Comte and their successors published under the 
title ““The Counter-Revolution of Science”’ in the same 
periodical in 1941, and a later study of Comte and 
Hegel published in Measure of June 1951*. The last 
study, of the extent to which the characteristic 
approach of our age to sociology is due to the agree- 
ment in thought between Hegel and Comte, and the 
influence of their ideas on social theory, is indeed a 
natural sequence to those studies of the influence of 
the Ecole Polytechnique of Saint-Simon and Comte 
in Britain and Germany as well as in France, which 
constitute the second part of the book. Both studies 
attribute the totalitarianism of the twentieth century 
to the ideas of Hegel and Comte, of Feuerbach and 
Marx. This examination of the historical role of the 
abstract ideas described in the first part of the book 
is lucid and well written ; but Prof. Hayek’s exposition 
is scarcely less lucid when he is handling the more 
abstract or theoretical discussion of the general issues, 
though some chapters are more readable than 
others. Indeed, his book has, in fact, a far wider 
interest than its philosophical approach would 
suggest, and its close bearing on some of the most 
important questions of the day should commend it to 
a much wider circle of readers than professional 
philosophers or economists. 

The central theme of the book is that many of our 
present difficulties are due to a misinterpretation of 
the lesson which the conquest of Nature by science 
and technology has for the ordering of our affairs. 
Analysing the position which man holds in relation 
to Nature on one hand, and to the products of his 
mind on the other, Prof. Hayek urges that the 
application of some of the concepts and methods of 
the physical sciences to the interpretation of social 
problems can lead to serious errors. In essence, his 
book is a reasoned protest against the mechanical 
and uncritical application of habits of thought to 
fields different from those in which they have been 
formed, and more especially against the application 
of those methods and ways of thinking developed by 
the disciplines of the physical and biological sciences 
to subjects like social studies. 

At some points Prof. Hayek’s account of the 
problem and method of the natural sciences may be 
open to challenge ; but his interpretation of the way 
in which these differ from what is encountered in the 
social sciences, and of the consequences which follow 
from attempts to treat the problems of the social 
services after the fashion of the natural sciences, 
provide a firm basis for his well-known opposition 
to social or economic planning in general. Further, 
this analysis, which suggests the sub-title of the 
book—“‘Studies in the Abuse of Reason’’—gives a 

*The Counter-Revolution of Science: Studies on the Abuse of 


Reason. By F. A. Hayek. Pp. 255. (Glencoe, Ill.: The Free Press ; 
London: George Allen and Unwin, Ltd., 1952.) 328. aah. 
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strong hint as to the real cause of difficulties in 
large-scale organization to-day which are commonly 
overlooked in discussions on nationalization and other 
aspects of what is termed the Welfare State. ‘We 
flatter ourselves undeservedly,” writes Prof. Hayek, 
‘if we represent human civilization as entirely the 
product of conscious reason or as the product of 
human design, or when we assume that it is neces- 
sarily in our power deliberately to re-create or to 
maintain what we have built without knowing what 
we are doing. Many of the greatest things man has 
achieved are not the result of consciously directed 
thought and still less the product of a deliberately 
co-ordinated effort of many individuals, but of a 
process in which the individual plays a part which 
he can never fully understand. They are greater 
than any individual precisely because they result 
from the combination of knowledge more extensive 
than a single mind can master.” 

Prof. Hayek could with some justice have equally 
sub-titled his book “Studies in the Meaning of 
Freedom”’, for in this central passage he comes very 
near to explaining why, in spite of the demand for 
‘conscious’ control or direction of social processes 
which is so characteristic of our generation, we can 
only begin to enjoy freedom when we recognize the 
limitations of the powers of individual freedom. 
Failure to do so, and the persistent increase in the 
demands which are placed on the individuals 
responsible for directing organizations we create, can 
only result in breakdown or chaos in the absence of 
the supermen needed to run them. Ultimately—and 
not in such a very long run—what is politically 
possible must be determined less by political desires 
than by the mental and physical, if not also the 
moral, capacities of individual men and women. 

So far from believing that consciously directed 
processes are necessarily superior to any spontaneous 
processes, Hayek agrees rather with A. N. Whitehead 
that ‘“‘civilization advances by extending the number 
of important operations we can perform without 
thinking about them at all’’ ; and there is a suggestive 
resemblance between his approach to social planning 
and organization and the conditions generally 
accepted as conducive to creative work in any field. 
Part at least of the importance of this stout cham- 
pionship of individualism lies not so much in its 
showing that the present tendency to attempt to 
extend conscious control of society leads straight to 
totalitarianism as in its support of the moral fabric 
of civilization. “Any general refusal,” comments 
Hayek, “to accept existing moral rules merely 
because their expediency has not been rationally 
demonstrated is to destroy one of the bases of our 
civilisation.” In rejecting planning, Hayek is not 
advocating chaos or anarchy but urging discipline. 
His insistence on the need for a rational compre- 
hension of the limitations of human reason leads hirn 
to a very similar position to that which Dr. K. E. 
Barlow reached in a very different way in ‘Ths 
Discipline of Peace” much about the same time 
Prof. Hayek originally prepared these studies. Not 
merely the advance but also the very preservation 
of civilization depend on our obedience to principles 
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which we do not fully understand—the acceptance 
of existing moral rules and traditions. Hayek’s plea 
that we should be concerned that we do not destroy 
the foundations of existing structures before we are 
sure that those of the institutions to succeed them 
are truly laid is dignifed and forceful, and one to be 
heeded to-day in education and elsewhere. 

Scientists themselves are probably now more dis- 
posed to recognize the limitations of science and less 
prone to apply their methods and mental habits in 
fields where they are not competent than they were 
when Hayek prepared these essays. But to turn 
back to Dr. Barlow’s plea for discipline is to realize 
how little progress has béen made in the past decade 
towards achieving an order in which personal liberty 
and personal discipline fit harmoniously, or towards 
recognizing that the primary issue is not how we are 
to treat materials, but how men are to treat each 
other and the life of the earth which endows them. 
The real task is still one of education. 

On this, too, Barlow and Hayek agree. Barlow 
remarked, for example, on the need for man to 
understand as well as to enforce the discipline under 
which he must live, and on the necessity for such 
understanding for the existence of initiative and 
liberty within a social system; while Hayek's 


insistence on the limitations of reason and of con- | 


scious control implies that the determining factor in 
unconscious control and in securing the efficient use 
of our resources is the ability and understanding of 
those individuals of which a society is composed. 
Hayek, too, suggests that the great misfortune of our 
generation is that the direction which the amazing 
progress of the natural sciences has given to its 
interests is not one which assists us to comprehend 
the larger process of which as individuals we form 
merely a part, or to appreciate how constantly we 
contribute to a common effort without either directing 
it or submitting to the orders of others. His chapter 
“Engineers and Planners” is entirely relevant to the 
current discussions on technological education in 
Great Britain and on the purpose of university 
education; and he regards the failure to convey 
awareness of being part of a social process, and of 
the manner in which individual efforts interact, as 
one of the great weaknesses of an education limited 
to the sciences or to technology. The engineer’s job, 
he points out, is not complete in itself, nor is it easy 
to assemble all the widely disposed knowledge 
required. There is a problem of co-operation in 
which the existence of a gulf between different types 
of mind may be vitally important. 


PLANT DISEASES 


Plant Diseases 
By Dr. F. T. Brooks. Second edition. Pp. xiii+ 458. 
(London, New York and Toronto : Oxford University 
Press, 1953.) 38s. net. 
T is gratifying to see, after the lapse of nearly 4 
quarter-century, that a new edition of the late 
Prof. F. T. Brboks’s book on plant diseases has been 
produced. While the style and scope of the new 








vol 
nur 
as | 
bee 
boo 
par 

| 


IRB es 


and 
exe 
sect 
suc 
dise 
intr 
© sho 
» com 
bef 
acct 
chay 
funs 
and 
at t 
whit 
dev 
witl 
inelh 
v 
edit 
one 
teac 
in h 
hens 
the | 
expe 
rece 
man 
is @ 
reset 
ordi 
pres 
fact« 
that 
soug 
weal 
whor 
all o 
diver 
colle 
path 
value 
also 
mem 


_ Aton 
p An ] 
t Indus 
> ment. 
B xXi+2 
) 1952, 


* doubt 
in the 
> was c 
> Work 


| 
a 


% 








ore. - 


Cb oar at 


r 


@® 


Peo ad o « 


ur 
ng 
its 
nd 


we 
ing 
ter 
the 

in 
ity 
vey 


of 


ted 
ob, 
asy 


dge 


458. 
sity 


ly & 
late 


een 
new 








P 
fe 
3 
& 
g 
3 


he 





aa. 


ea hee 


naira rere? 


Band te! 


No. 4374 August 29, 1953 


volume (the greater bulk of which discusses a large 
number of specific diseases) remain much the same 
as in the first edition of 1928, additional matter has 
been included without increasing the thickness of the 
book, by the adoption of smaller print and thinner 
paper. 

The first edition has been completely re-written, 
and a few more illustrations have been added. An 
exceedingly valuable and all too brief introductory 
section on the various aspects of plant disease is 
succeeded by a short chapter on non-parasitic 
diseases which, the late author points out, is only an 
introduction to this big group of plant maladies; a 
short section, again all too brief, on virus diseases 
completes all the information of a general nature 
before the reader comes, in the third chapter, to the 
accounts of specific diseases, occupying eighteen 
chapters of the book, which closes with a section on 
fungicides. An excellent feature, on which much care 
and labour have been expended, is the list of references 
at the end of each of the twenty-two chapters, all of 
which, with the exception of the first three, are 
devoted primarily to British plant diseases together 
with others of importance wherever they occur, 
including also those of tropical crops. 

Valuable though the late Prof. Brooks’s new 
edition will prove to all interested in plant diseases, 
one feels that this distinguished mycologist and 
teacher would also have served with equal distinction 
in his capacity as general editor to @ more compre- 
hensive volume dealing at greater length only with 
the general principles of his subject. With the rapid 
expansion in our knowledge of plant pathology during 
recent years, despite the production of valuable 
manuals at the hands of numerous specialists, there 
is @ strong feeling among teachers, students and 
research workers alike of the need for greater co- 
ordination of this extensive new material so as to 
present in a general way the various aspects and 
factors relative to disease. To this end, one regrets 
that the collaboration which the late author had 
sought did not fully materialize; and with the 
wealth of talent so close to his hand and of those 
whom he mentions in his preface to the new volume, 
all of them specialists of wide experience in their 
diverse spheres, one feels that such a comprehensive 
collective work on the general principles of plant 
pathology would not only have proved of inestimable 
value to both teacher and student, but would 
also now remain as another edifice to the worthy 
memory of a master scientist and teacher. 

8. G. JonEs 


CONSEQUENCES OF ATOMIC 
POWER 


| Atomic Power 


An Economie and Social Analysis; a Study in 


‘ Industrial Location and Regional Economic Develop- 
+ ment. By Walter Isard and Vincent Whitney. Pp. 


i > ye (London: George Allen and Unwin, Ltd., 
) 1952. 


378. 6d. net. 


cy grandparents, while great believers in pro- 
gress through diligence and thrift, seem to have 
_ doubted the possibility of a substantial improvement 
_in the lot of the majority of mankind. This attitude 
» was challenged by the radicals, and between the two 
) World Wars it gradually became old-fashioned not 
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to believe that nationalization and the planned use 
of all natural resources would introduce an age of 
peace and plenty. Since the Second World War, 
however, it has begun to be whispered that natural 
resources look @ bit inadequate compared with even 
the foreseeable demands of a steadily increasing 
world population. In this dilemma the latest bolus 
proffered to us is the promise of cheap and unlimited 
nuclear power for industry. 

The authors of this book (respectively an economist 
and a sociologist) examine the technical, economic 
and social problems associated with atomic power 
and reach a number of very interesting con- 
clusions. 

In the first place, the authors think that in the 
foreseeable future nuclear power is unlikely to be 
cheaper than, or even as cheap as, power from con- 
ventional energy sources. The best available figures 
suggest that the capital cost of a nuclear power 
station will be at least double that of the equivalent 
coal-fired station ; since the nuclear plant may have 
a shorter life, the annual capital charges will be up 
by an even greater factor, and in these circumstances 
the nuclear plant is not competitive. This situation 
may, of course, improve. 

Second, the authors think that the influence even 
of low-cost nuclear power on the location of industry, 
on industrial output and on standards of living will 
be much smaller than is often supposed. In the 
manufacturing industries, the ratio of the cost of fuel 
and purchased energy to both the value of the product 
and the value added in manufacture is usually quite 
small, and if power cost nothing the direct effect on 
output and costs would not be great. The main 
factors influencing the location of industries are 
proximity to raw materials and to markets; the 
availability of water, food, labour and capital; the 
proximity of other industries, the momentum of an 
early start and a favourable climate. Only a few 
industries are definitely power-oriented; atomic 
power does not remove the many other determinants 
of industrial location. 

Third, the authors think that nuclear power, if 
and when it comes, is most likely to benefit advanced 
industrial communities and may place industrially 
backward nations at a greater disadvantage than 
they are to-day. For example, when capital costs 
are high, areas in which interest rates are high are 
at a disadvantage relative to areas in which interest 
rates are low. 

If there are economies of scale, areas where the 
power demand is large should be able to obtain power 
at lower prices than areas where there is only a 
small unfolding demand. Furthermore, just these 
latter areas are apt to be short of capital to 
finance the industrial expansion that would cheapen 
power. 

Considerations such as these obviously place the 
economically under-developed nations at a general 
disadvantage so far as access to nuclear power is 
concerned. This disadvantage is accentuated by 
their lesser ability to provide the special skills and 
industrial facilities likely to be required by nuclear 
power plants. 

It is interesting to note that the authors suggest 
that the U.S.S.R. may have more to gain from 
atomic power than the United States. “Relative to 
the U.S.A.; Soviet energy resources no matter how 
stated are inferior, and the areas within the country 
in which fuel and energy resources are critically short 
are more numerous. On the other hand Russia’s 
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more rapid growth of population, the associated 
greater mobility of its labour force, its more rapidly 
expanding market, and its less mature economy, 
which is conducive to fuller utilization of major 
innovations, all point to the probability that Russia 
will be able to exploit a new energy resource such as 
atomic power most effectively and extensively. It 
is not merely that Russia can; it is also that the 
believed necessity to do so is greater.” 

The first 23 pages of the book deal with the tech- 
nical background of atomic power. This section gives 
@ fair survey of the field. There is, however, a lack 
of emphasis which leaves a reader in some doubt 
about the relative importance of the various topics 
touched on. 

The second part of the book (108 pages) is devoted 
to costs and industrial applications. The five chapter 
headings are: the costs of atomic power; atomic 
power and location theory ; atomic power and the 
location of specific industries; the iron and steel 
industry ; the aluminium industry. All these matters 
are discussed in a competent, informative and 
interesting way. 

The third part of the book (76 pages) deals with 
atomic power in relation to the process of regional 
economic development, and considers its possible 
impact upon regional economies in various stages of 
such development. Particular attention is given to 
the cultural resistances which impede the intro- 
duction of new ideas and techniques, and Brazil is 
taken as a case study. The fourth part (5 pages) is 
@ summing up. 

This book is obviously the outcome of considerable 
research and reflexion, is well written and attractively 
printed. It can be recommended without reservations 
to all persons interested in the future of atomic power. 

B. L. GOoDLET 


FOREST MANAGEMENT 


Planned Management of Forests 
By N. V. Brasnett. Pp. 238. 
Allen and Unwin, Ltd., 1953.) 


(London : 
20s. net. 


George 


HE nature of forests is such that their manage- 

ment requires long-term planning if their pro- 
ductivity is to be increased progressively or indeed 
maintained. It is the absence of management in this 
sense that is the usual reason for the impoverishment 
and, in many instances, destruction of forest which 
still continues in many parts of the world. The 
problems of long-term development of forests to 
secure maximum and sustained production were first 
tackled in France and Germany, and in the course of 
time various management techniques have been de- 
veloped which are appropriate in various degrees to 
the conditions in these and other European countries. 
The current techniques, however, may not be applic- 
able to forests in other parts of the world that are 
only now coming under management for the first 
time, although some crude method used earlier in 
Europe may be appropriate. Students trained in 


the university forestry departments in Britain go to 
all parts of the British Commonwealth, and have to 
deal with forests in all stages of development and 
intensity of management. Merely to teach them the 
current European techniques will only result in their 
frustration when they meet conditions to which they 
are not applicable. 
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A merit of this book is that it attempts to deal 


with this problem. While of necessity most of the 
book deals with European methods and conditions, 
it does so historically, and the special problems, 
particularly of tropical forests, now coming under 
systematic management for the first time are dis- 
cussed. The special case of the United Kingdom, in 
so far as afforestation schemes are concerned, js 


mentioned but not developed. The student, how- |— 


ever, should grasp that the type of management 
must be devised to meet the conditions prevailing, 
although the ultimate ideal may be the same 
everywhere. 


The book is divided into three parts. Part 1 deals | 


with basic considerations, such as the growing stock, 
increment, rotations, and the organization of the 
forest into different management units. Part 2 deals 
with the preparation of working plans. The general 
form and order is that suggested by the late Mr. 
Ray Bourne and now generally followed in Britain, 
All the usual methods of yield regulation are dis- 
cussed. Brandis’s method, first evolved in 1856 in 
Burma, is given a good deal of space, because it still 
has a place in some tropical forests. Brief reference 
is made to regulation by tending or cutting class as 
practised in Sweden. This might usefully have been 
developed more fully, because it has possible appli- 
cations in similar forest types within the Common- 
wealth. Part 3 is entitled ‘“Development of Forest 
Management in Western Europe”’. This is an inter- 
esting and concise review. Because, however, the 
same topics are in part discussed in both Parts 1 and 
2, a good deal of forward as well as back referencing 
has been necessary, and in any future edition it 
would be worth while considering whether some 
rearrangement of the subject-matter would obviate 
this. 

The book is designed primarily for the university 
forestry student ; but it will require elaboration by 
his teacher in places, One defect is that there are no 
literature references, and at least a selected biblio- 
graphy would have increased its value for this 
type of reader. The intelligent layman who wants to 
know about the problems of forest management will 
find this a useful book, because it is both lucid and 
readable. H. M. STEVEN 


UNDERWATER EXPLORATION 
BY ‘AQUALUNG’ 


The Silent World 

By J. Y. Cousteau with Frédéric Dumas. exit 
148+65 plates. (London: Hamish Hamilton, Ltd., 
1953.) 188. net. 


APTAIN COUSTEAU, who is at present leading 
an oceanographic expedition sponsored by the 
French Navy and the French Centre for Research 
and Oceanographic Studies, is a world authority oD 
free deep-sea diving. With the development of his 
‘aqualung’, a self-contained compressed-air unit with 
an automatic flow regulator, he has greatly enlarged 
the scope of underwater exploration and research 
with this apparatus, descents down to 300 ft. can 
be undertaken without the aid of any other special 
equipment or clothing. 
Among the accounts in “The Silent World” of the 
varied investigations undertaken by Captain Cousteau 
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and his team of divers, of special interest are those 
relating to the exploration of the inland cave at the 
Fountain of Vacluse near Avignon; the surveys of 
numerous sunken ships in search of data on their 
biological incrustation; the effects of underwater 
explosions ; and participation in 1948 in the pre- 
liminary trials of Prof. Auguste Piccard’s ‘Bathy- 
scaphe’. Interspersed with these accounts are 
interesting comments on some of the physiological 
problems associated with diving, such as the effects 
of cold on the human body, on ‘the bends’, and the 
related nitrogen narcosis which produces deep-sea 
rapture (l’ivresse des grandes profondeurs). 

Two valuable impressions emerge from reading 
this book, impressions which should encourage marine 
(and possibly freshwater) biologists to add this 
wonderful tool, the ‘aqualung’, to their research 
equipment. These are, first, the ease and degree of 
safety with which the equipment can be used, even 
by the non-swimmer, and secondly, the removal of 
at least some of the apprehensions and fears which 
intending divers may have about encounters with 
the traditional terrors of the deep, the barracuda, 
the giant rays, the octopus and even the shark. 

In an epilogue to the book, the author answers the 
question which must have been put to him many 
times, ““‘Why in the world do you want to go down 
into the sea?”, Apart from being obsessed by a 
desire to explore the unknown, he believes that man 
must of necessity turn his attentions more and more 
to a study of the seas, to explore them intimately 
and draw sustenance in the form of minerals, 
chemicals and food from this vast, untouched 
‘cornucopia’. For this reason he urges the develop- 
ment of diving equipment capable of being used for 
exploring much greater depths than can his own 
‘aqualung’, which he modestly dismisses as ‘“‘prim- 
itive and unworthy of contemporary levels of 
science . 

The book is lavishly illustrated with underwater 
photographs, many of which are in colour, and 
although essentially ‘popular’, it nevertheless contains 
much of interest to the hydrobiologist. 

A. J. Broox 


CALCULATING MACHINES 


Les machines & penser 
Par Louis Couffignal. Pp. 158+4 plates. (Paris : 
Le Editions de Minuit, 1952.) n.p. 

HE development of large and complex electronic 

computing machines naturally excites a great 
deal of popular interest. Words such as memory, 
decision, instruction, information and language are 
often used in descriptions of these machines. There 
are strong objections to the use of such anthropo- 
morphic notions as that electronic digital computors 
possess rudimentary powers of scholarship, volition 
or reasoning (see, for example, Kapp, R. O., 
Nature, 170, 547; 1952). But it really all reduces 
to the definitions used. The meaning of such 
definitions would be unnecessarily narrowed down 
and their pictorial power lost if processes like 
ar or reasoning were attributed solely to human 
eIngs. 

Louis Couffignal is not afraid of using anthropo- 

morphic terms, provided it is understood that the 
machines achieve the same ends by quite different 
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means, The book opens with definitions of a machine 


and of thought. If one defines a machine as an 
assembly of objects which are put together in such 
a way that they replace man in the execution of a 
set of operations proposed by man, then, naturally, 
even the simple adding machine possesses a rudi- 
mentary memory and its mechanism of ‘carry-over’ 
replaces quite a complex set of mental operations of 
a human brain. 

A description of adding machines and punched- 
card machines follows. It does not go into great 
technical detail of the machines themselves, but is 
sufficient to convey a general idea of their capabilities. 
The description of the universal machines deals with 
Babbage’s ideas, with Mark I of Prof. Aitken, 
ENIAC, and a machine built at the Institut 
Blaise Pascal. The advantages of the binary system 
are clearly shown ; its adoption leads to the reduction 
of the size of a large machine of a given capacity to 
about a third—a very considerable saving. The 
operations of multiplication, division and square-root 
extraction, using the binary system, are well ex- 
plained. The next chapter is concerned with analogue 
machines, such as the differential analyser of Vanevar 


Bush; it is a pity that the electronic analogue 
machines, such as Pepinsky’s X-RAC, are not 
mentioned. 


The chapter dealing with the nervous system is 
rather superficial; one has the feeling that the 
writer is not in his own field here. Surely modern 
work on giant nerve fibres of squids and the perme- 
ability changes of the nerve membranes to potassium 
and sodium ions could have been included. The 
analogy between the transistor and a synapsis may 
not be as close as the author seems to believe. 

In the chapter on the mechanization of logic the 
author, who is the director of the computing labor- 
atory of the Institut Blaise Pascal, is much more in 
his element. The expression of logic in a binary 
system is of great interest, although rather heavy 
going for a lay reader. It took me some time to 
discover what the symbol 0010.0100 for a logic func- 


‘tion (p. 105) really means and what is the significance 
' of the dot in the symbol. Further confusion results 


from designations of “‘prédicats’’ Py by a capital 
letter on p. 104, by a lower-case py on p. 112 and a 
capital in Fig. 25. Further, a function py = 0000.1111 
on p. 109 has n as a subscript, and p*+1 on p. 114 
has it as a superscript, without adequate explanation. 
However, these are only minor defects which do not 
detract from the value of the book as a suitable 
introduction to the subject. 

The book finishes with, not conclusions, but a 
programme of research, stimulated by the close 
analogies between processes of human thought and 
modes of action of modern computing machines. 
There are no references and no subject index. 

V. VAND 


FOOD FOR THE WORLD 


The White Man’s Dilemma 

Food and the Future. By Lord Boyd-Orr ; with the 
co-operation of David Lubbock. Pp. 124. (London : 
George Allen and Unwin, Ltd., 1953.) 9s. 6d. net. 


HE connecting link between the title and sub- 
title of this new survey of food problems by the 
first director-general of the United Nations Food and 
Agriculture Organization is the concept that food is 
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the foundation of social security and economic pros- 
perity ; that hunger has been the basis of most 
revolutions ; and that hunger is at the root of the 
present revolt of Asia. Throughout the book runs 
Lord Boyd-Orr’s strong conviction that there will 
never be world peace until there is no more hunger. 
The dilemma which he poses for the white man is the 
choice between attempting to maintain world military 
and economic supremacy, with the probable result of 
a disastrous world war which would end Western 
civilization, or using his present industrial superiority 
to develop the resources of the earth so as to end 
hunger and poverty, a course which would lead to 
the loss of the white man’s world control gained by 
three centuries of conquest. As Lord Boyd-Orr says, 
this is a hard choice. 

The section on world population trends quotes the 
already familiar estimate that this may increase from 
the present 2,400 to 4,000 million by the end of this 
century, but reaches an unusually optimistic con- 
clusion that the limit will finally be set at between 
4,000 and 6,000 million, after which world population 
will decline. Lord Boyd-Orr argues that the under- 
developed nations at present approaching the rapid 
population expansion experienced in England and 
Wales in the nineteenth century will, when their 
standard of living and education rises, begin the 
gradual decline in population growth now in progress 
in Western Europe. This leads him in his discussion 
on the agricultural potentialities of the world to the 
equally optimistic conclusion that ‘“‘There seems no 
reason to doubt the estimate made by agricultural 
experts, that if modern improved methods were 
applied to all the land at present cultivated or grazed 
the world food supply would be doubled, and that if 
known measures were taken to increase the area of 
the earth under cultivation by irrigation, bush 
clearance, and other measures, the earth could 
support a population of 6,000 million”. Before 
reaching this conclusion, he reviews the problem of 
soil erosion and the measures taken in the United 
States, U.S.S.R., China, Australia and elsewhere to 
overcome it and to promote irrigation. He also 
mentions some of the improvements which could be 
made by the use of fertilizers, the control of plant 
diseases, the use of seeds of high-yielding strains, 
selective breeding and improved management of 
livestock. 

The chapter on the international attempts which 
have been made to solve the world food problem is 
a very useful reference. This, told by one who has 
made his own outstanding and original contributions 
in this field, describes, in particular, the work of the 
League of Nations leading to the concept of ““The 
marriage of health and agriculture’, and of the Food 
and Agriculture Organization. 

The British food position is treated in an appendix 
which underlines its insecurity and suggests that a 
committee might with advantage be set up to con- 
sider long-term problems of food in terms of agri- 
culture, trade and finance rather than politics 
“. . . to ensure that, say twenty years hence, 
there will be sufficient food, either imported or 
home-produced, for the people of the United 
Kingdom”. 

The section which traces the accumulation of 
knowledge on human nutritional requirements con- 
tains one misleading statement. Having explained 
that it was originally thought that hard physical 
work requires extra protein for replacement of wear 
and tear of muscles, the author does not state that 
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subsequent investigation has not supported this 
assumption. 

One detects and regrets a certain nostalgia that it 
was not possible ‘‘to throttle down science after the 
First World War, and to give human society a chance 
to assimilate and adjust itself to the new forces’, 
but applauds the conclusion that it is urgent for 
politicians of all countries to get together “‘to con- 
sider how they can evolve a world order suited to 
the new age of science’”’. 


PROGRESS IN ANTARCTICA 
The Antarctic Today 


A Mid-Century Survey by the New Zealand Ant- 
arctic Society. Edited by Frank A. Simpson. 
Pp. 389+45 plates. (Wellington: A. H. and 
A. W. Reed ; London: Phoenix House, Ltd., 1952.) 
47s. 6d. net. 


HE establishment of the Falkland Islands 

Dependencies Survey in 1943, fifty years after 
the first known landing on the antarctic mainland, 
marks a turning-point in the history of human 
endeavour in high southern latitudes. Although 
Bruce established a weather station in the South 
Orkneys in 1903, and handed it over to Argentina 
for permanent occupation, the need for scientific 
stations on the continent itself was not generally 
appreciated until long afterwards. Since 1943, 
however, the example of the United Kingdom 
has been followed by other countries with antarctic 
territorial claims, and the New Zealand Antarctic 
Society has performed a useful service by directing 
attention to the significance of recent develop- 
ments. 

The book is divided into seven parts, with chapters 
by different contributors. Especially useful are those 
dealing with glaciology, geology and oceanography, 
and with marine resources. It is unfortunate that 
N. E. Odell, who provides an excellent summary of 
the glaciology of Antarctica, was unable to benefit 
from the results of the recent Norwegian—British 
Swedish Antarctic Expedition. These do not confirm 
the evidence that he adduces to suggest that a 
marked recession of the ice sheet is in progress. The 
geology of Antarctica is described by Rhodes W. 
Fairbridge. Only about 0-2 per cent of the total 
land area of 5,000,000 square miles is geologically 
known ; but Mr. Fairbridge has succeeded in making 
a commendable analysis of the structure of the 
continent. Although he does not make the point, 
more details of the mineral wealth are urgently 
required, for conflicting territorial claims are not 
likely to be settled while so much remains in 
doubt. The difficulties of mining in rock covered 
by ice up to 6,000 ft. thick are not necessarily 
insurmountable. 

The greatest mainspring of human activity in the 
Antarctic is the exploitation of marine resources, and 
about one-third of the text is given to various aspects 
of this subject. There are comprehensive accounts 
by C. A. Fleming of the physical oceanography and 
by R. K. Dell of the marine biology of the Southern 
Ocean, and W. H. Dawbin ably describes antarctic 
whales and whaling. British and Norwegian achieve- 
ments in the task of maintaining stocks of whales 
are recognized, but Mr. Dawbin should also have 
mentioned Japanese work. 
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As P. G. Law points out, valuable results in the 
physical sciences can only be expected from con- 
tinuous Observations over a long period. As yet this 
work has only just begun, but the papers by A. R. 
Martin on meteorology and by J. W. Beagley on 
ionospheric research leave the impression that many 
more antarctic stations must be established before the 
problems connected with weather and atmospheric 
physics in the southern hemisphere can be solved. 
The importance of ionospheric research lies in the 
fact that trans-antarctic aviation is not likely to 
materialize, even if weather stations and airstrips are 
available, until radio communications are more 
certain. On the other hand, the expense of such 
investigations, and the sparseness of the population 
of the southern, compared with that of the northern, 
hemisphere may retard the development of far 
southern air routes for many years. 

It seems a pity that the book contains no concise 
history of exploration, which is dealt with partly in 
the introduction and partly in the final chapter. The 
chapters dealing with recent field-work, and especially 
that compiled by the editorial committee, are out of 
proportion, and it would have been better to draw 
all the information together in a single chapter. A 
few minor points deserve mention. Most of the con- 
tributions have lists of references, but those by R. A. 
Falla, describing antarctic birds, and I. L. Thomsen, 
concerning auroral studies, have not. The first 
navigator to sight the mainland was not Biscoe in 
1831, but Bransfield in 1820, and the first known 
landing was made by Larsen in 1893, not by Bull 
and Borchgrevink in 1895. The Society has regrettably 
not conformed to the practice of giving place-names 
in the local official form, or at least of giving this 
form in brackets. But these are slight blemishes of 
a fine book, which deserves to be widely read. 

J. D. M. Brytu 


RECRUITMENT OF AMERICAN 
SCIENTISTS 


Origins of American Scientists 

A Study Made under the Direction of a Committee 
of the Faculty of Wesleyan University. By R. H. 
Knapp and H. B. Goodrich. Pp. xiv+450. (Chicago : 
University of Chicago Press; London: Cambridge 
University Press, 1952.) 56s. 6d. net. 


A’ Y problem arising in the United States con- 
cerning the origin of professional scientists is in 
some respects more troublesome than it would be 
in Britain, for whereas practically every student in 
Britain would enter an institution of ‘similar’ type 
offering up to a doctor’s degree, an American student 
may commence his undergraduate work in @ univer- 
sity or in & college (such as a liberal arts college) with 
no postgraduate degrees. In considering the need to 
increase the numbers of scientists, therefore, it may 
be necessary to determine what proportions of 
people have become scientists after commencing 
their studies in these different ways. Very broadly, 
reasons such as this stimulated the investigation 
which is described in this volume. The -work 
was guided by a committee of the Faculty of 
Wesleyan University, with Prof. H. B. Goodrich as 


chairman, 
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One of the most serious difficulties that had to be 
faced was the selection of a suitable list or lists of 
scientists. Graduation was inadequate, for at that 
stage it may not be discernible what subsequent 
career is to be followed ; this is much more likely to 
be true of American than of British students. After 
full consideration it was decided to use ‘American 
Men of Science’, a publication which has now 
reached its eighth edition. It gives extensive lists of 
professional scientists, apparently showing some 
balance between the different sciences. There is, 
however, evidence to indicate that the methods of 
selection have tended to favour the inclusion of 
scientists in academic employment rather than those 
in industry, @ discrimination which from the British 
point of view may reduce the value of much that 
follows. Taking this list, further reduced by selecting 
only scientists who hold the Ph.D. or equivalent 
degree (together with scientists who are ‘starred’ in 
that volume), some 16,000 were left. The college of 
origin was noted. The annual number of men 
graduates in science was obtained in all relevant 
institutions. Women graduates were ultimately 
omitted, partly because they form a limited part of 
the field, amounting to only around 2 per cent. 
Obviously a number of years must elapse between 
the date of first graduation and the completion of a 
research degree or the establishment of the individual 
as @ professional scientist, and due allowance has 
been made for this lag. The investigation is therefore 
mainly historical, dealing with students who entered 
the university some time before the War; it does 
not purport to discuss conditions which would 
necessarily apply at the present time. 

With these two values, the number of men science 
graduates and the related number of professional 
scientists, a basis of comparison (the productivity 
index) between different institutions is available. 
For example, listing the leading fifty institutions in 
the production of scientists, we find that the authors 
are able to include only five institutions at which 
there graduated annually, during the relevant period, 
more than two hundred, and of these two only could 
be called large universities. An interesting feature is 
the large number of liberal arts colleges in the fifty, 
devoted to fundamental scholarship rather than to 
specialized training. Only six are technological 
institutions. Nearly all the students of the latter 
concentrate on science, pure or applied ; it is clear, 
however, that those who later follow a postgraduate 
course mostly do so in engineering, and if they under- 
take research in that field their interest is mainly 
technological and they have not been included in the 
list of scientists considered here. It may be noticed 
that a conspicuous position is occupied by 
the California Institute of Technology, which in 
many respects is different from other institutions 
specializing in technology. 

The authors, it appears, have a chief interest in 
the education of ‘pure’ scientists, and this has to be 
remembered in reading all their conclusions. The 
British reader will learn a good deal about the smaller 
colleges. Several chapters are devoted particularly 
to small groups of colleges in which is given an 
account of the aims and achievements of individual 
institutions, of their history, and difficulties. For it 
is fully recognized that in their development they 
have been influenced by such factors as their geo- 
graphy, their finances, and their success or otherwise 
in obtaining men of the right type as teachers. 

A. E. TRUEMAN 
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Indian Epigraphy and South Indian Scripts 


By C. Sivaramamurti. (Bulletin of the Madras 
Government Museum, New Series, General Section, 
Vol. 3, No. 4.) Pp. viii+280+133 text figures+ 12 
plates. (Madras: Government Press, 1952.) Rs. 
14-8-0. 

HE author of this publication, who is already 

well known for his work on “‘Amaravati Sculp- 
tures in the Madras Government Museum” and as 
co-author of “‘Guide to Archeological Galleries” and 
“Tilustrations of Indian Sculpture’, is at present 
superintendent of the Archzological Section of the 
Indian Museum at Calcutta. His painstaking research 
in the field of epigraphy has been collected in the 
present volume. 

The work is a valuable contribution to the study 
of Indian epigraphy, which is a necessary adjunct to 
the study of ancient Indian history, culture and 
ethnography. It is of special concern to those who 
are interested in the question of the evolution of the 
various Indian alphabets from a common source. 
The Indian subcontinent, with the possible exception 
of Kashmir and Assam, is generally deficient in an 
old historical literature. The innumerable inscrip- 
tions, copper plates and coins scattered all over the 
country partially fill this void. In his introductory 
chapter the author has discussed the value and need 
of studying this oft-neglected subject. 

Mr. Sivaramamurti has drawn charts showing “‘the 
development of each individual letter of the Indian 
alphabet in different areas and during centuries in 
different types of script developed from the same parent 
stock”’ (p.viii), with emphasis on the development of the 
South Indian alphabet. He rightly remarks that “The 
scripts of South India have contributed enormously 
to the spread of Indian culture overseas” (p. 55). 
The truth of this statement is borne out by the con- 
clusion which he has arrived at by the diligent 
comparative study of the epigraphy of those regioris. 
He states: “The script of Ceylon is derived from 
Grantha Tamil. The script of the inscriptions in Java 
like those of Pirnavarman closely resembles the early 
script of South India. The same applies also to the 
characters used in the inscriptions of Annam or 
Campa” (p. 55). 

In Plate I the author has placed the regional 
alphabets from various areas, including East Turk- 
estan, Tibet, Ceylon, Burma, Annam, Malaya, Java 
and Borneo, side-by-side to facilitate a comparison 
of the individual characters. Here one misses the 
area comprising the north-eastern corner of India. 
Inclusion of scripts from inscriptions in Orissa, Bengal 
and Assam would have provided, in my opinion, a 
better perspective for a comparative study. 

The author is to be congratulated on his valuable 


contribution to the study of Indian epigraphy. 
M. C. Goswami 


Timber Progress and Desk Book for 1953 
Edited by W. E. Bruce. Pp. 202. (London: Cleaver- 
Hume Press, Ltd., 1952.) 15s. 


HE objective of ‘“Timber Progress” is to record 
annually in authoritative, independent, easy-to- 
read articles the new ideas, new movements and 
latest achievements in the technology and commerce 
of the timber and allied industries. In a foreword 


David Irwin, chairman of the Education Standing 
Committee of the Timber Development Association, 
states that “this publication fills a long-felt want, 
containing as it does a series of articles by recognized 
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authorities, a most comprehensive bibliography on 
timber literature and other useful reference items. 
It is a library in itself and will, I feel sure, be wel- 
comed by student and employer alike’. 

Among the articles may be mentioned the follow- 
ing: some recent changes in timber trade practice ; 
structures of new timbers ; world review of the newer 
timbers and their commercial uses; moisture in 
wood and modern methods of seasoning; British- 
made plywood and its possibilities ; development of 
modern furniture design in Britain; principles of 
conversion ; and a reference section. 

This little book furnishes evidence of the enormous 
increases in the imports of previously unknown 
timbers from tropical and _ sub-tropical forests. 
In connexion with South-East Asia, it is said that 
before the Second World War this part of the world 
provided certain specialized woods only, the most 
famous being the genuine Burmese teak which is 
to-day so scarce and expensive. In addition were 
imported some of the decorative woods such as 
satinwood, rosewood, pyinkado and gurjun. During 
the later years of the past century and the early 
years of the present one before the First World War, 
Indian forest officers made considerable efforts to 
place on the London or other British timber markets 
some of the fine species of Indian timbers, but they 
met with practically no success. The position of 
these tropical and sub-tropical timbers is very 
different nowadays. But much practical research has 
yet to be carried out before their utilization as a 
commercial proposition has been substantiated : the 
forests and their distribution in their habitat ; the 
types of forests in which they are found, and in a 
mixed forest their proportion in the mixture per acre 
or hectare or square mile; and the accessibility for 
extraction at an economic cost. E. P. STEBBING 


General Chemistry 

An Elementary Survey emphasizing Industrial 
Applications of Fundamental Principles. By Prof. 
Horace G. Deming. Sixth edition. Pp. xii+ 662. (New 
York: John Wiley and Sons, Inc.; London: 


Chapman and Hall, Ltd., 1952.) 468. net. 


HIS much-used text-book is an introduction to 
chemistry for university students including those 

not continuing its study. Prof. H. G. Deming presents 
the achievements of chemistry and its great economic 
possibilities not as attractions in themselves but as 
spurs to study a science worthy of, and requiring, 
considerable effort. His course follows no definite 
syllabus but covers approximately the requirements 
of the Intermediate B.Sc. of a British university, 
with some additions. These include a chapter on 
nuclear chemistry and four on organic chemistry, 
respectively, entitled as follows: hydrocarbons ; 
alcohols, esters, carbohydrates ; cellulose products 
and plastics ; and elastomers, dyestuffs and medicinals. 
Although Prof. Deming has the remarkable gift of 
finding simple explanations of difficult matters, his 
treatment is thorough. He expounds the physical 
basis of the chemistry in question, stresses the sig- 
nificance of structure and makes advantageous use 
of present-day knowledge and ideas. Besides the 
skilful expositions, the student is afforded an 
abundance of help by the interpolated questions, 
exercises, cross-references, informative illustrations 
and summaries for revision. Good as the earlier 
editions were, the present effort, the product of 


the author’s ripe experience, is even better. 
G. F. 
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Historical Aspects of Organic Evolution 
By Dr. Philip G. Fothergill. Pp. xvii-+427. (London : 
Hollis and Carter, Ltd., 1952.) 35s. net. 
HE subject-matter of this book is exactly 
indicated by its title: it gives a historical 


account of the initial and changing conceptions of 


organic evolution from ancient times down to the 
present period of manifold observation and experi- 
mental investigation. There can be no doubt that 
this book will prove of interest and value to all who 
maintain either a general or a particular interest in 
scholarship germane to this major biological theme. 
The book is concisely comprehensive and, not least 
important, it is lucid and readable. In the first part 
the author traces the historical development of the 
idea of evolution, beginning in the remote and 
obscure Chinese, Babylonian and Egyptian periods, 
and culminating in the post-Darwinian period when 
evolution had become generally accepted as an 
established principle. 

The second part deals with cytogenetics and 
modern causal theories of evolution. In this part, 
the rediscovery of Mendelism, chromosome studies 
and gene theory are considered. Finally, in the con- 
cluding chapters, there is a survey of the various 
recent theories of evolution, including neo-Lamarck- 
ism, neo-Darwinism and the views of particular 
exponents such as Lotsy, Willis and Goldschmidt. 
Various special subjects are dealt with in some eight 
appendixes. This book may be generally recom- 
mended as being likely to retain for many years to 
come its usefulness both as a valuable and readable 
text and as a work of reference. 


Heat Transfer Phenomena ; 
The Flow of Heat in Physical Systems. By Dr. R.C.L. 
3osworth. Pp. xii+211. (Sydney: Associated 
General Publications Pty., Ltd. ; London : Pergamon 
Press, Ltd.; New York: John Wiley and Sons, 
Inc., 1952.) 428. net. 


OST books on heat transfer are written from 

the point of view of the engineer and contain 
relatively little discussion either of the nature of the 
underlying physical processes (for example, the 
mechanism of conduction) or of the relation of the 
subject to other branches of physics. Dr. R. C. L. 
Bosworth’s survey is therefore particularly welcome 
because he lays especial emphasis on these aspects of 
heat transfer. Throughout the book he brings out 
the similarities and differences, quantitative as well 
as qualitative, between the transfer of heat, 
momentum, electricity, matter, etc. Particularly 
illuminating is the comparison between thermal 
radiation and conduction in gases with a long mean- 
free-path. The well-known ‘electrical analogy’ is 
considerably developed, and the existence of ‘in- 
ductance’ as well as ‘capacitance’ in thermal processes 
Is pointed out. 

In addition to tracing the main outlines of the 
subject in a concise manner, the book contains a 
good review of the most recent work on conduction, 
convection and radiation, including the technique of 
measurement, and gives extensive lists of references. 
Although some casual statements may be criticized— 
for example, that forced convection only outweighs 
natural convection when the flow is turbulent (p. 
113)—and although misprints are rather unusually 
numerous, the book will be of lasting value to students 
and research workers. Only the purists among them 
will hesitate to accord full agreement to the pub- 
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lishers’ prefatory claim that the book ‘“‘satisfies a 
much needed want’’. 


The Sky and Its Mysteries 
By Ernest Agar Beet. 
figs. (London: G. Bell and Sons, 
15s. net. 


N writing this book for the non-specialist, the 
author has preserved a sense of balance by 
devoting by far the greater portion to the solar 
system, a description of some of the more important 
instruments used by the astronomer, and a short 
historical sketch up to about the end of the past 
century. Mathematical treatment of the subject has 
been almost entirely eliminated, which will enhance 
its interest and value for many beginners; while 
there is little new in the text, the manner of presenta- 
tion is very lucid, and it is certain that the book will 
make a strong appeal to many amateur astronomers. 
The map at the end may seem a weak point in the 
work ; but, as the author points out in the preface, 
“it is to supplement, not to replace, the normal kind 
of star map for outdoor use”. A list of periodicals 
supplying information on the night sky, month by 
month, is given on p. 229, one an American pub- 
lication and three British ; but it might be suggested 
that some additional British publications should be 
referred to in a future edition—especially those which 
describe the times of the rising and setting of the 
planets. A few points require slight amendments in 
the revision as, for example, the statement on p. 121 
that Mars is at its nearest when fully illuminated, 
and that on p. 138 regarding the sporadic meteors 
with hyperbolic velocities, and some others; but 
these are very minor points which do not detract 
from the value of this excellent book. M. D. 


Puffins 
By R. M. Lockley. Pp. xi+ 186+ 17 plates. (London : 
J. M. Dent and Sons, Ltd., 1953.) 188. net. 


R. R. M. LOCKLEY has added an interesting 
volume to the fast growing list of bird mono- 
graphs. His long residence on the island of Skokholm 
and his intimate acquaintance with the large puffin 
population of the Pembrokeshire islands qualifies 
him for the task of writing on Fratercula arctica. He 
does so both informatively and entertainingly, most 
of what he tells us being the result of long periods of 
puffin-watching on the islands of Skokholm and 
Skomer, particularly the latter, where he estimates 
at least 50,000 pairs bred in 1952. His book deals 
with the puffin from the time it returns to its breeding 
haunts in early spring until the last deserted young one 
goes off to sea. In addition, the author has chapters on 
the ‘““Mind of a Bird’’, the ‘““Winter Ocean”’ and ‘‘Man 
and Puffin’, with appendixes on ‘“‘Numbers’’, “‘Dis- 
tribution’, “Recoveries of Ringed Puffins’’, etc. 
Under the heading of ‘“Numbers”’ he tries to estimate 
the total population of Fratercula arctica and thinks 
it may be (including the sub-species F'. a. naumanni 
of Spitsbergen, A. a. arctica of north Norway, Iceland 
and North America, plus A. a. grabe of Britain, the 
Faroes and France) between fifteen and sixteen 
millions of birds. But he adds a word of warning, 
saying it is ‘‘clear that the present figure is a reduction, 
probably a considerable one, on the population of one 
hundred years ago’. However, he concludes by 
saying that, ‘“‘still the puffin remains one of, if not 
the, most numerous of seabirds in the whole Atlantic’’. 
Frances Pitt 


Pp. 238+15 plates+56 
Ltd., 1952.) 
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RELATION OF RELIGION AND SCIENCE 
By the Very Rev. W. R. MATTHEWS, K.C.V.O. 


Dean of St. Paul’s Cathedral 


HE problem of the relation of religion and 

science is not dead, as we are often told, but bas 
been made obscure because it has become difficult to 
define the issue clearly. In the days of T. H. Huxley 
and Gladstone it was comparatively simple. The 
Christian religion asserted a great number of pro- 
positions which it held to be true, while science, or 
scientific researchers, had come to conclusions which 
seemed, in many cases, to be irreconcilable with those 
propositions. Now, however; the epistemologists 
have raised the question of the nature of scientific 
‘truth’ and the still more devastating question 
whether religious propositions have any meaning and 
can be described as either true or false. The con- 
sequence is that discussions of religion and science 
tend to degenerate into a kind of shadow boxing: 
neither side of the argument really comes to grips 
with the other. Yet the ‘plain man’ feels that there 
is a problem and a vital one. In his simple way, he 
would say that the kind of universe which science 
progressively discloses is singularly unlike the kind 
of universe which is presented by the documents and 
the doctrines of the Christian faith. 

It is one of the many merits of Prof. Coulson’s 
recent book that he is quite clear on what he is 
talking about*. By science he means the results, up 
to date, of the application of the scientific method 
in every sphere where it has been applied and the 
method itself; by religion he means the Christian 
religion, not as a vague sentiment or an admiration 
for the character of Jesus, but as a system of doctrine 
and worship. Nor is there any doubt about the 
purpose of his inquiry. It is, ‘“To see whether there 
is any coherence between science and religion, and 
whether, in an age of science, it is possible to hold the 
faith with propriety and with intellectual integrity’’. 

This little book, consisting of three lectures given 
under the Riddell Memorial foundation, contains 
more sound sense on the subject than most works 
five times its size, for it deals with the ultimate issues 
and keeps to the point. The challenge of the two 
universes and two systems of knowledge—the 
scientific and the religious—is always before his 
mind. He rejects any theory which would vindicate 
religion by somehow inserting it into the scientific 
universe, finding a place for it either in the yet 
unexplored territory or in the incoherences which 
can be discovered in scientific conclusions. Perhaps 
he is a little too hard on theologians who find some- 
thing of interest to them in Heisenberg’s uncertainty 
principle, for if determinism breaks down in one part 
of Nature, it may well be only an appearance, or a 
useful fiction, elsewhere; but undoubtedly he is 
splendidly right when he says, ‘‘If God is here at all, 
it must be at the beginning of science and right 
through it’’. 

The concept of Nature inevitably comes up for 
discussion. Prof. Coulson rejects the idea that Nature 
is ‘given’, in the sense that it lies ‘out there’ pre- 
senting us with a puzzle to be solved... In a very 
general way one may agree that his view of Nature 


* Christianity in an Age of Science. By Prof.'C. A. Coulson. (Riddell 
Memorial Lectures, Twenty-fifth Series.) Pp. ii+53. (London: 
Oxford University Press, 1953.) 58. net. 


a 


is Kantean. Certainly he holds that, in a sense, 
“nhind makes nature’, and that it is totally mis- 
leading to assume that we have any knowledge of 
Nature, or of the existence of Nature, apart from our 
minds. In some of his phrases he seems to go beyond 
Kant and to verge on Berkeleyan idealism; but on 
the whole, he holds fast to the conviction that, 
though in one sense “‘the whole scientific universe is 
@ construction of our own’’, in another sense, it has 
objective validity, though it is not easy to gather 
from these lectures precisely. what this latter sense 
can be. But, after all, Kant himself left us in the 
dark about the “things in themselves’’. 

The short answer to the question, why there can 
be two different views of the universe, the religious 
and the scientific, both well-founded, is that they are 
two distinct views of the same object. This thought 
is developed with great skill by means of an analogy 
—that of the different aspects of Ben Nevis. This 
might easily have been too facile a solution; but 
Prof. Coulson is careful to point out where his 
analogy fails, and perhaps the reader would be well 
advised, in reflecting upon this conception of two 
points of view, to bear in mind the important passage 
at the end of Lecture 1, where it is argued that 
Nature and man are indissoluble and that Nature 
has a spiritual meaning. In this connexion the author 
has a word for theologians as well as for scientists. 


-Too often, he thinks, theologians regard Nature as 


merely the stage on which the great drama is per- 
formed, whereas they ought to think of it as a part 
of the play. 

One difficulty may be mentioned about the ‘aspect’ 
or ‘point of view’ theory. It would certainly be more 
convincing if there were only one religion ; but the 
great religions of the world differ in a marked degree 
from one another in their conceptions of the universe, 
of the ultimate Reality and of man’s place in the 
whole, yet presumably both the Buddhist and the 
Christian systems arise from the religious apprehen- 
sion of the One Object. Two possible answers suggest 
themselves to this objection. It might be maintained 
that there is, in fact, a fundamental agreement 
beneath the differences of the great religions, and it 
might be argued too that there is, in fact, no settled 
scientific view of Nature. In both spheres, so to 
speak, there are shifts of focus. 

It is not possible to touch upon all the lines of 
thought which ae opened up by this suggestive book ; 
but we must not omit one which evidently is very 
near Prof. Coulson’s heart, the ‘message’ which he 
would give to theologians and scientists alike. It is 
that we should enlarge our idea of the life of the 
Spirit. The work of scientific research, when faith- 
fully done, is a spiritual activity and a service of God. 
All the disciplines which constitute culture are, in 
essence, spiritual, and each needs all the others. The 
ideal of the Christian Church is a fellowship of all 
who ‘wonder’—the scientist, the historian, the poet 
and artist, the philosopher and theologian, and also 
the unlearned man of faith. In this fellowship “the 
fullness of each separate discipline is revealed’’. In 
such words we welcome the authentic voice of 
Christian humanism. 
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THE ITALIAN NATIONAL SCIENCE 
MUSEUM AT MILAN 


By W. T. O'DEA 


Science Museum, London 


HE museums of Italy are at a most lively stage 
Ta development. During the War they suffered 
heavy damage; but rebuilding has proceeded at a 
pace that makes progress in Britain seem very 
inadequate by comparison. The result of rebuilding, 
re-design and re-organization has been a sharp rise 
in attendances from 800,000 in 1946 to 4,725,000 in 
1952 at national museums. This figure is nearly 
double the highest pre-war number of visitors in a 
year (1937) and applies, naturally, to art museums 
in the main. There is, however, one striking example 
of the way science has shared and is to share in these 
developments. 

The National Museum of Science and Technology 
at Milan is housed in buildings which follow the plan 
of the badly war-damaged early sixteenth-century 
Monastery of San Vittore. Leonardo’s ‘‘Last Supper”’ 
was painted a few years earlier only a short distance 
away and he was still working in Milan when the 
Monastery was built. The man who, above all others, 
combined mastery in sciences with mastery in the 
arts is therefore specially honoured in this new 
Museum. ‘The display of models to celebrate the 
fifth centenary of the birth of Leonardo da Vinci has 
already been described and most of the models are 
replicas of those built in Italy, exhibited there in 
1939, taken to New York in 1940, and destroyed by 
fire in Tokyo during the War. It will therefore 
suffice to say that these models are built with a 
genuine feeling for the methods and materials of the 
time, are very well set out, and are to such well- 
chosen sizes that the aeronautical items, for example, 
really do look as though they might take to the air 
without breaking up. Leonardo’s sketches were not 
dimensioned, so that interpretation becomes most 
important when building models to his ideas. In a 
few cases, such as excavators and 
cranes, Leonardo’s original sugges- 
tions are shown in model form with 
models beside them to show the not 
so very dissimilar (making allow- 
ances for a five-century interval) 
modern counterparts. 

So far the Museum is in a very 
early stage of development, although 
representatives at the third Inter- 
national Conference on Museums 
held in Milan this year were greatly 
impressed with what had been done, 
so quickly, under the guidance of 
Dr. Guido Ucelli. The Leonardo 
exhibits predominate, with another 
important gallery displaying an 
attractive collection of models of 
warships, merchantmen and small 
craft as the Italian Naval Museum. 
A start has been made on a 
section to illustrate the history of 
aeronautics ; but this can scarcely 
be more than a token until a new 
arch-roofed building, the frame and 
most of the walls of which are 
now to be seen, is completed. Here 


the aeronautical collections of the By t- 
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Italian Army, at present stored in Rome, are to be 
set out by Captain Soldatini, who has already been 
responsible for the instruments of warfare in the 
Leonardo Collections. 

Extensions are also being built at the present time 
to include-a cinema for scientific films and a library 
of the history of science, to which Dr. Ucelli will 
contribute his own extensive collection of books. 
There already exists a reading room in which many 
technical periodicals are regularly received. 

At the present time about two thousand visitors 
go to this new Museum every week; but it is to 
be expected that much greater numbers will attend 
as the collections develop. The support of industry 
has still to be obtained before many projected new 
sections can be planned on an adequate scale. There 
is little doubt that this will be forthcoming eventually, 
and in that respect the wisdom of actually opening 
the Museum to the public is incontestable. Ships, 
aeroplanes and Leonardo da Vinci happened to be 
the three subjects on which sufficient material or 
impetus existed. For future developments much will 
depend upon which industries react most favourably 
to the suggestion that they should contribute both in 
material and in finance for display. The fact that 
there are now an embryo but effective Museum and 
already an interested public should be of the greatest 
assistance in influencing such potential benefactors. 

The Museum buildings themselves are worthy of 
comment. The damage to the sixteenth-century 
Monastery (itself on the site of an older monastery, 
which in turn occupied a site-on which there can 
still be seen remains of a Roman wall) was of so 
fundamental an order that the present buildings may 
practically be described as new. Such skilful use has 
been made of new materials that the monastic 
atmosphere remains; and yet an impression of 
modernity is conveyed at the same time. The 
Leonardo Gallery on the first floor has a high arched 
roof and jooks, from its length, not unlike a cloister 
in some respects. Yet the display of Leonardo 
models is modern and attractive. Each model is on 


a table made by bending and toughening a long 





View of the large conference hall where the display from the International Conference 


on Museums is arranged 








Fig. 2. View of the first cloister. 
rectangular sheet of plate glass. A concealed fluor- 
escent lamp lights each model and the only daylight 
comes from a few small circular windows up near 
the ceiling. The finish of walls and ceiling is of 
whitewash. The result is a well-graded illumination 
and no violent contrasts to disquiet the eye such as 
the transition from, say, 10 candles/sq. ft. on an 
exhibit to a brightness of 2,000 candles/sq. ft. or 
more from the sky seen through a window as soon 
as the eye is lifted. Unrestful contrasts of this order 
are common in most museums, and it is very pleasant 
to go around galleries such as these in Milan where 
violent brightness transitions are avoided. 

This Science Museum in the making is worthy of 
great support, and its development should be very 
interesting to watch. In connexion with the Inter- 
national Conference on Museums a series of more 
than a hundred panels of photographs were con- 
tributed by more than twenty museums of science 
and technology throughout the world to illustrate 
their techniques and achievements. These are dis- 
played around the principal lecture theatre in the 
Museum, and Dr. Ucelli hopes to retain them for some 
time to help him to show what other countries are 
doing and to obtain further interest in his own plans. 
In these he will have the best wishes of everybody 
in the museum world and should attract the support 
of both science and industry. 


SIZE EFFECTS IN THE INITIATION 
AND GROWTH OF EXPLOSION 


By Dr. F. P. ROWDEN, F.R.S., and K. SINGH 
Research Laboratory for the Physics and Chemistry of 
Surfaces, Department of Physical Chemistry, Cambridge 

HERE is a good deal of evidence that the 
initiation of explosion by impact and by friction 
is, commonly, thermal in origin'. The mechanical 


energy of the blow or of rubbing is degraded into 
heat and concentrated to form a small ‘hot spot’. 
These hot spots, though small, are large compared 
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with molecular dimensions. Their 
size, as we should expect, is very 
dependent upon the experimental 
conditions ; but they may range 
from c. 10-5 to 10-* em. in diameter, 
and their duration? may be short, 
for example, 10-° sec. With many 
explosions the necessary hot-spot 
temperature may be c. 400°C. 
500° C. These hot spots are readily 
formed in two main ways: (1) by 
the adiabatic compression of smal] 
included gas bubbles ; the presence 
even of a single tiny bubble can 
render most explosives extremely 
sensitive to impact ; (2) by friction 
on the confining surfaces, on grit 
particles or on crystals of the ex- 
plosive itself. Under very extreme 
conditions, a sufficient rise of tem- 
perature can be produced by a 
viscous heating of the rapidly flow- 
ing explosive, but this normally re- 
quires a very high impact-energy. 

On this thermal mechanism, we 
should expect that the growth of a 
small explosion from a hot spot to 
one of finite dimensions would be governed by simple 
physical considerations. 
heat by chemical reaction within the small volume is 
greater than the rate at which it is lost to the sur- 
roundings by conduction and other means, it will 
grow ; if not, it will die away. The general treatment 
of this has been given by @ number of workers’. 
Calculations for some solid and liquid high explosives‘ 
show that for a hot-spot temperature of 400°—500° C. 
the minimum size is in the range 10-* to 10-* cm. 
diameter. This is in agreement with our measured 
values. 


Irradiation with Electrons and Neutrons 


We have recently made some further studies of 


hot-spot size in initiating explosives by irradiating 
the explosive crystals with beams of electrons and 
neutrons, and also by heating very small crystals. 
It has been suggested® that the simultaneous decom- 
position of two adjacent molecules of lead azide 
could lead to explosion. Kallmann and Schrankler® 
have observed the initiation of T.N.T., mercury 
fulminate and azides when bombarded with an 
intense beam of hydrogen, argon and mercury ions. 
They have suggested that the explosion is due to the 
activation of a few neighbouring molecules. Muraour’ 
has also observed the explosion of silver acetylide 
when irradiated with high-speed electrons, and 
explained the result in a similar way. We find that 
when crystals of lead azide are irradiated with an 
electron beam of 75 KeV. and 200 yamp., explosion 
occurs. It was thought, however, that this and the 
explosion reported by other workers might be due to 
a bulk heating of the explosive. The explosive was, 
therefore, replaced by crystals of potassium nitrate 
(melting point, 334° C.). These were readily melted 
in the electron beam, showing that the temperature 
rise was greater than 334° C. This and additional 
experiments on the fusion of metallic wires provide 
strong evidence that the explosion of the azide unde! 
these conditions can be due to bulk heating. 

In order to avoid this bulk heating, the explosive 
crystals were bombarded with slow neutrons (flux, 
10° neutrons per cm.* per sec.). The experiments 
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Fig. 1. Influence of neutron irradiation on thermal decomposition 
of lithium azide: (1) unirradiated; (2) after irradiation. Tem- 
perature, 250° C.; pressure, 10 cm. mercury 


were carried out with cadmium azide, lead azide, 
silver azide, silver acetylide and lithium azide. In 
no case did explosion occur, although interesting 
changes were observed in the crystals. In a second 
series of experiments, the crystals of lead azide and 
cadmium azide were mixed with uranium oxide and 
irradiated with neutrons so that fission of uranium-235 
took place. Again no explosion occurred. In these 
last experiments, the energy of the fission products 
is c. 94 MeV. and the range of these particles in lead 
azide is c. 10° cm. It is clear that irradiation of this 
kind could produce the decomposition of a large 
number of adjacent azide molecules, but it does not 
cause explosion. 

If we assume that the energy is dissipated along 
the track of the particle to form a ‘hot cylinder’ equal 
to its length, and of a temperature of 400° C., the 
diameter of this cylinder would be about 2 x 10 cm. 
This did not cause explosion even when the crystals 
were maintained at 290° C. during irradiation. 
Irradiation with a-particles and y-radiation also 
failed to cause explosion. 
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Fig. 2. Influence of neutron irradiation on thermal decomposition 
oflead azide ; vid eaed 5 (peter enantio. Temperature, 
281°C, 
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Fig. 3. Influence of crystal size on explosion. Cadmium azide 

(a) before heating, (b) after heating at 320° C. for three minutes. 

The largest two crystals have exploded, the smaller ones decom- 
pose slowly 


The only exception we have so far observed is 
nitrogen iodide, which does explode when irradiated 
by neutrons. However, Meldrum* has shown that 
nitrogen iodide will explode at room temperature if 
ammonia is removed from the surface. 

Although neutron irradiation under these con- 
ditions does not, in general, cause explosion, it does 
produce interesting changes in the crystal. Colour 
changes and darkening, indicating the formation of 
F centres and nuclei, are observed. This affects the 
subsequent course of the thermal decomposition of 
the explosive. This is illustrated in Figs. 1 and 2. 
With lithium azide, the induction period is reduced 
to about one-half and the rate of decomposition is 
considerably increased. With lead azide the thermal 
decomposition is also accelerated. 


Influence of Crystal Size 


If azide crystals of different sizes are arranged on 
a glass plate and placed in a furnace at a fixed tem- 
perature, it is found that crystals above a,certain 
size explode, whereas those below the critical size 
decompose slowly. This is illustrated for cadmium 
azide in Figs. 3a and 3b. The critical size appears 
to be determined by the smallest dimension of the 
crystal; for example, its thickness if it has a plate- 
like structure. The critical size is dependent upon 
temperature, and some typical values for cadmium 
azide are given. 


Temperature (°C.) Critical size 


320 24 x 10cm. 
325 20 x 10cm. 
330 17 x 10* cm. 


It is interesting to see that this critical size, of a 
few microns, is similar to the hot-spot size measured 
in other ways. Analogous effects were observed with 
crystals of a-lead azide and silver azide. If the 
crystals are below the critical size, or if larger crystals 
are heated at a lower temperature so that only 
thermal decomposition takes place, the crystals split 
and break up along crystallographic planes. This is 
illustrated in Fig. 4a for cadmium azide and in Fig. 4b 
for a-lead azide. This suggests that the rate of decom- 
position may be a maximum along preferred planes 
within the crystal. The decomposition involves the 
formation of metallic nuclei and the evolution of 
gaseous nitrogen, accompanied by a large amount of 
heat, and this may easily lead to a-splitting of the 
crystal. This splitting can occur with violence. The 
spreading of the dislocations and cracks through the 
crystal may play a part in the propagation process. 
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It will also influence the rate of thermal decomposition 
by exposing a large amount of fresh surface. 


Crystal Size and Impact Sensitivity 
(with A. M. Yuill) 


From similar considerations we may expect that 
the impact sensitivity of a crystal will be dependent 
upon its size. If the crystal is too small, the reaction 
will not be able to grow to explosion and the 
initiation will then, apparently, be unsuccessful. Mr. 
A.M. Yuill has investigated the effect of crystal size 
on the impact sensitivity of lead azide. Single 
crystals of the azide were placed on an anvil and 
struck with a flat-faced hammer, using an apparatus 
described elsewnere. The results are illustrated in 
Fig. 5. 

Seve 1 is for individual crystals, and it will be 
seen that below a certain size the impact sensitivity 
is very dependent upon the size of crystal. For a 
crystal of 8 x 10-* cm. in size, the impact energy for 
a 50 per cent probability of explosion is c. 5 kgm.cm. ; 
as the crystal size is decreased, the necessary impact 
energy increases, and with a crystal of about 
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Fig. 5. Influence of crystal size on the impact sensitivity of lead 
azide; (1) single crystals; (2) heap of crystals 
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1 X 10-* cm. it has risen to 200 kgm.cm. If, how- 
ever, &@ heap of crystals of uniform size is used 
(curve 2) the impact sensitivity is independent of the 
size of the individual crystals in the heap and remains 
approximately constant at 2 kgm.cm. over this size- 
. There may be two factors involved. First, 
the probability of explosion is determined by the 
number of potential initiation centres or hot spots, 
and this is naturally greater for large individual 
crystals than for smaller ones. The second is the 
effect discussed above: the reaction cannot grow to 
explosion unless the crystal exceeds a critical size, 
This critical size is dependent upon the initial hot- 
spot temperature and hence upon the impact energy. 
It should be noted that, under impact, the single 
crystals are crushed and flow plastically to form a 
pellet the thickness of which is about one-tenth to 
one-quarter that of the original crystal. If, therefore, 
the explosion starts at a late stage of the impact, it 
may be this thickness which is the limiting factor. 
These experiments provide strong evidence that 
the explosion nucleus must exceed a critical size 
(which is quite large and is determined primarily by 
thermal considerations) before it can grow to 
detonation. Earlier work? has shown that, in 
addition to being @ precarious process, the growth 
can be complex. 


detonation, and the successful growth of the explosion 
requires critical conditions. The propagation of the 
low-velocity detonation is itself assisted by air bubbles 
and other sources of local hot spots*. The chemical 
reactions occurring during this burning phase are 
different from, and less complete than, the decom- 
position in detonation’®. With metallic azides this 
intermediate burning stage is not observed. Very 
frequently, in sensitivity tests and in practical 
operation, the failure of an explosion to take place 
is due, not to a failure in initiating the reaction, but 
simply to a failure in the growth process. 


“The Initiation and Growth of 


1 Bowden, F. P., and Yoffe, A. D : 
Camb. 


Explosion hy oa and Solids” (Camb. Mon. Phys. ; 
Univ. Press, 19 

* Bowden, F. P., nena M. A., and Tudor, G. K., Proc. Roy. Soe., A, 
188, 329 (1947). 

* Van’t Hoff, J. H., “Etudes de Dynamique chimignc” (1884). Frank- 
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* Kallmann, H., and Schrankler, W., Naturwiss., 21-23, 379 (1933). 

7Muraour, H., Chim. et Indust., 30, 39 (1933). 

* Meldrum, F. R., Proc. Roy. Soc., A, 174, 410 (1940). 

* Bowden, F. P., and Williams, H. T., Research, 4, 339 (1951). 
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WILHELM OSTWALD (1853-1932) 


By Pror. J. R. PARTINGTON, M.B.E. 


EPTEMBER 2 is the centenary of the birth of 
Wilhelm Ostwald (1853-1932), one of the most 
influential physical chemists of the second half of the 
nineteenth century. His own investigations of 
chemical equilibrium convinced him of the importance 
of the general law of mass action proposed by Guld- 
berg and Waage in 1867, and from 1887 he welcomed 
the new theories of solution of van’t Hoff, of electro- 
lytic dissociation of Arrhenius, and of galvanic cells 
of Nernst. Ostwald introduced chemists to the use 
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of thermodynamics (which he tried to simplify in his 
system of ‘energetics’), and was the first to emphasize 
the importance of the little-known publications of 
Gibbs and the value of the phase rule. These aspects 
of physical chemistry led him to under-estimate the 
importance of the atomic theory, but he recognized 
its significance after the work of Perrin on fine 
suspensions, and the discovery of radioactivity, had 
given it what he regarded as an experimental 
foundation. His own work on catalysis had led him 
to formulate the main features of the phenomenon in 
a manner which emphasized the observed facts and 
minimized the unverified (or unverifiable) and 
unnecessary hypothetical interpretation of them. 
This method of approach was typical of his out- 
look. 

In his time, Ostwald was an international authority 
and his influence was comparable with that of 
Berzelius in an earlier generation. Many chemists, 
before adopting or using new theories, waited first to 
see what Ostwald would say about them and to what 
form he would reshape them to suit chemical require- 
ments. His books, especially the smaller ‘Outlines 
of General Chemistry” and its many translations, 
were a powerful stimulus to the study of the newer 
physical chemistry, and his influence can be traced 
to-day in many directions, although its origin may 
not be adequately recognized. He was pre-eminently 
a clarifier and systematizer of knowledge, and an 
indefatigable defender and exponent of the newer 
physical chemistry based on the theories of solutions 
and electrolytic dissociation. His insistence that 
physical chemistry is a study equal in rank to any 
other branch .of chemistry was necessary and 
important. Whole branches of chemistry now taught 
as commonplaces won their way into the science only 
after prolonged battles against either determined 
opposition or studied indifference. In maintaining 
their claims, Ostwald was much to the fore. 

Ostwald was a man of many interests, in literature, 
music and art as well as in science. He devoted much 
time to the development of a colour scale and of an 
international language. He was greatly interested in 
the history of science and founded the ‘“Klassiker”’ 
series. He believed that a historical approach had a 
disciplinary value. His many pupils venerated him 
and his influence in physical chemistry was fruitful 
and beneficial in many ways. It can be said with 
truth that physical chemistry owes very much, both 
directly and indirectly, to the research and teaching 
of Ostwald. 


OBITUARY 
Prof. F. H. Reih 


THE death of Prof. F. H. Rein occurred at the age 
of fifty-six on May 14, at Géttingen, where he had 
occupied the chair of physiology from 1931 until 
1953. He had recently resigned on his appointment 
as director of the Max~—Planck Institute for Medical 
Research in Heidelberg, but had not actually taken 
up his new post. 

Rein’s scientific work consisted mainly in the 
application of ingenious physical and mechanical 
principles to physiological problems, and among 
the results of this work were the “Thermostromuhr’ 
and the ‘Stoffwechselschreiber’. The ‘“Thermo- 
stromuhr’ hag since been criticized, and certain 
of its limitations have been shown; but in Rein’s 
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hands it made possible the investigation of many 
problems of the circulation as shown by the long 
series of publications from his Institute. It was 
a tragedy that Rein reached the peak of his ability 
when the position in Germany was becoming 
unfavourable for scientific work, and when inter- 
national scientific relations were becoming difficult 
and finally impossible. When he gave a series of 
lectures in London in 1937 on the relation between 
metabolism and blood flow, he greatly appreciated 
the contact with English workers and was deeply 
concerned with the increasing difficulty of getting 
more interchange between Great Britain and Ger- 
many. The complete separation of the two countries 
during 1939-45 was followed by a great increase in 
the growing tendency in Britain to look to the 
United States rather than to the Continent for 
scientific exchange. This combination of circum- 
stances has made Rein’s work less widely known and 
appreciated in Britain. In addition to his numerous 
original papers he wrote a ‘““Text Book of Physiology” 
which reached ten editions and is widely used in 
Germany. He was also senior author of the Physiology 
Section of the Fiat Reviews of German Science during 
1939-46. 

In his private life Rein was undemonstrative and 
somewhat reserved; but he inspired an intense 
loyalty in his younger colleagues, a number of whom 
now occupy chairs of physiology in Germany and 
elsewhere. Beneath his reserve he was extremely 
friendly, and he and his wife entertained the workers 
and visitors at his Institute with a kindly hospitality. 
His services to the University at Géttingen were 
great. He was responsible for the new Institute of 
Physiology which was completed in 1938. After the 
War he acted as rector of the University at a very 
difficult period, and he did much for the rehabilitation 
of the University. He was also one of the founders 
of the Fridtjof Nansen House in Géttingen, which 
was @ centre for international student activities. 

D. H. Smytu 


NEWS and VIEWS 


Royal Aeronautical Society : Medal Awards 


THE following Medals have been awarded by the 
Royal Aeronautical Society and will be presented at a 
meeting at the Royal Institution, London, on Septem- 
ber 14: Society’s Gold Medal, which is the highest 
honour that the Society can confer, to Mr. E. F. 
Relf, for his outstanding contribution to aeronautical 
science over a period of many years ; Society’s Silver 
Medal, to Mr. H. Grinsted, for his outstanding work 
in aeronautical engineering ; Society’s Bronze Medal, 
to Mr. L. Boddington, for his work on the develop- 
ment of naval aircraft; British Gold Medal for 
Aeronautics, to Mr. R. E. Bishop, for his outstanding 
contribution to aircraft design ; British Silver Medal 
for Aeronautics, to Mr. J. E. Gordon, for his excellent 
work in the sphere of aircraft structural plastics ; 
Wakefield Gold Medal, to Mr. F. W. Meredith, for his 
work in the design of automatic pilots and aircraft 
instruments ; Simms Gold Medal, to Major P. L. 
Teed, for his paper on ‘‘Fatigue of Aircraft Materials 
with Special Reference to Micro-Structure” ; George 
Taylor (of Australia) Gold Medal, to Group Captain 
E. A. Whitely, for his paper on ‘“‘The Spacing 
of Aircraft under High Density Approach Con- 
ditions”’. 
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Commercial Solvents Award in Antibiotics 


Drs. Ibert C. Wells (Syracuse, N.Y.), Edwin E. 
Hays (Chicago, Ill.), E. A. Doisy (St. Louis, Mo.), 
and William L. Gaby (Philadelphia, Pa.) have been 
awarded the 1952 Commercial Solvents Award in 
Antibiotics for work on antibiotics from Pseudomonas 
aeruginosa. These workers have demonstrated that, 
in addition to pyocyanine, Pseudomonas aeruginosa 
produces several other antibacterial agents; they 
have worked out methods of isolation, separation and 
purification of these agents, defined their physical 
and chemical properties, proposed structural formule 
for them and, by degradation and synthesis, proved 
the acceptability of the proposed formule. The 
Commercial Solvents Antibiotics Award was estab- 
lished in 1950 and is administered by the Society of 
American Bacteriologists. It consists of a gold medal 
and 1,000 dollars, and is awarded to any person or 
group of persons working in the western hemisphere 
who have made an outstanding contribution in the 
field of antibiotics during the past year. 


< 


Links between School and University 


BELIEVING that the latter years of a pupil’s time 
at school and the years at a university should be as 
closely integrated as possible, the Council and Senate 
of the University of Leeds are building up the closest 
possible links with schools, Last year, for example, 
two booklets were prepared describing the courses 
available in science and technology. These booklets 
are intended to help careers masters and others to 
advise school boys and girls in their latter years about 
university courses that will best qualify them for 
the careers of their choice. The University has also 
become aware that it must devote close attention 
each year to the selection of new students of the 
right academic standards to keep the size of the 
University about constant. In the annual report for 
1951-52, the vice-chancellor, Sir Charles Morris, 
suggests that this is most likely to be achieved by 
making a selection from among the applicants as 
early as possible. The fact that most candidates 
still apply to several universities and university 
colleges is the cause of much wasted effort and of 
much disappointment ; it would appear that joint 
action by universities and university colleges in this 
matter is both desirable and necessary. To some 
extent the problem of selection has been made more 
difficult by the change from School Certificate and 
Higher School Certificate examinations to the General 
Certificate of Education examinations. On the other 
hand, headmasters and headmistresses are giving 
most helpful confidential reports, and heads of 
university departments have been able, to a much 
larger extent than hitherto, to interview applicants 
for admission and make a personal assessment of 
promise and suitability. 


Use of Antibiotics in Agriculture 


Two pamphlets, Statutory Instruments Nos. 1172 
and 1174, 1953 (London : H.M.S.O.; 2d. each), have 
recently been issued by the Ministry of Health in 
connexion with the use of aureomycin and penicillin ; 
the regulations come into operation on September 1, 
1953. Aureomycin, which is intended for parenteral 
injection, is added to substances coming under control 
of the Therapeutic Substances Act, 1925 (M.H. 220). 
At the same time, both penicillin and aureomycin, 
which by the Penicillin Act, 1947, cannot be used 
except under the direction of doctors, dentists and 
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veterinary surgeons, are now allowed to be incor- 


porated in pig and poultry food with certain safe- 
guards (M.H. 246). Medical supplies of these sub- 
stances will not be affected. A recent report by the 
Agricultural Research Council (A.R.C. Report No. 13) 
has shown that the addition of these substances ‘0 
pig food increased the live weight gain from 10 to 
14 per cent and improved the efficiency of food 
conversion by 6-7 per cent without affecting carcass 
quality. 


Nigerian Forest Administration : Annual Report 
or 1950-51 


THE annual report for the year 1950-51 of the 
Nigerian Forest Administration (pp. 64. Lagos; 
Govt. Printer; London: Crown Agents, 1952; 9u. 
net) provides food for reflexion and some uneasiness. 
After fifty years of a forest service in the country it 
is difficult to see that a sound basis of administration 
from the forestry point of view has been brought into 
force. The approach to forest conservation, instead 
of being made to the native chiefs by the adminis- 
tration service, was left to the forest officer, who 
possessed no administrative jurisdiction in the 
district except over the forest reserves. Consequently, 
in the south, where the heavy timber forests 
exist, the area reserved is said to be inadequate for a 
growing population. The big timber forests were 
expected to be a source of revenue to the country 
and the Forest Department was to obtain this 
revenue. It seems tc have been overlooked that, in 
the past, the first call on the forests in a tropical and 
sub-tropical country is the provision of the require- 
ments in small maierials of the local agricultural 
population, and, secondly, or of equal importance, 
the maintenance of forests on the catchments of 
rivers and streams. For this purpose the government 
of the country requires to have at its elbow a senior 
forest expert who can advise on and guide the general 
forest policy and see that it is carried out throughout 
the several parts of the country. From the present 
report it appears that the Nigerian Forest Depart- 
ment is to be split up into three regional units each 
with its own chief conservator, the whole being 
loosely knit under the influence, but not command, 
of an inspector-general of forests—a most ambiguous 
expression, so far as his responsibilities are concerned. 
Africanization of the Department is proceeding apace, 
and it is difficult to visualize the kind of forest 
administration and management which the British 
forest officers will apparently be handing over in due 
course to their African successors. 


Sheffield Organization for the Interchange of Tech- 
nical Publications 


THE twentieth annual meeting of the Organization 
for the Interchange of Technical Publications in 
Sheffield and District was held recently in the Centra! 
Library, Sheffield. The admission of the British Iron 
and Steel Research Association brought the total 
membership up to forty, including industrial estab- 
lishments fifteen miles distant from the city. During 
the year 1,937 publications were interchanged, this 
being a record total. The meeting considered the 
difficulties caused by the lack of current indexes of 
Patent Office publications and urged the issue of 
weekly alphabetical name indexes in the official 
Journal, with quarterly and annual cumulations. A 
complete revision of the union list of periodicals and 
their files available in the libraries of members was 
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also recommended. It was reported that the City 
Science and Commerce Library had been made a 
deposit library for the reports of the British Atomic 
Energy Research Establishment ; the reports of the 
United States Atomic Energy Commission are already 
held in the library. All these reports are available 


for loan outside the area on payment of postage. 
The members of the Organization agreed to co-operate 
in the production and issue of additions to the 
‘Research Bibliographies” prepared by the City 


Science and Commerce Library, the sixty-first of 
which, “Shell Moulding Practice (Croning or ‘C’ 
Process)”, has been in heavy demand from many 
parts of the world. 


Recording Photoelectric Photometer at Kodaikanal 

Observatory 

THERE are certain inherent disadvantages in using 
photographic photometry in the study of profiles of 
Fraunhofer lines, and workers in this field have felt 
the need for a spectrophotometric technique inde- 
pendent of the photographic process. When Briick 
was at Cambridge some years ago, he devised a 
photoelectric spectrophotometer using & vacuum 
photo-cel] in conjunction with an electrometer triode ; 
a recording photoelectric spectrophotometer has been 
built at the Kodaikanal Observatory on essentially 
similar lines and is described in a paper by A. K. 
Das, R. Ananthakrishnan and B. N. Bhargava, 
recently reprinted from the Indian Journal of 
Meteorology and Geophysics (2, No. 2; April 1951). 
The spectrum is provided by a_high-dispersion 
prism spectrograph—a seven-prism instrument with 
a focal length of about 21 ft., giving a dispersion 
of 2:-4A. per mm. in the region of the D lines. 
The spectrograph is fed by an 18-in. siderostat 
through a 12-in. photovisual lens of focal length 
21 ft. The upper half of the spectrum is focused on 
to the photographic plate and is used in the cus- 
tomary way, the lower half being deflected towards 
the side of the spectrograph camera by means of a 
right-angled prism. This is adjusted so that the 
deflected spectrum is also in focus at the scanning 
slit of the photometer. The light from this slit, 
which is about 0-03 mm. wide, is received by a short- 
focus convex lens fixed at a distance from the slit 
equal to its focal length. The parallel beam of light 
so obtained from a narrow section of the spectrum 
is directed again by a second right-angled prism to 
the photo-cell. The details of the instrument are 
shown by the three diagrams. Although primarily 
designed for use in solar line-contour work, its 
sensitivity can be easily reduced and thus its stability 
increased, For use in certain visual observations, a 
less sensitive prototype of the instrument has been 
constructed. It is suggested that a photometer of 
the type described could deal with various problems 
of interest to geophysicists. 


Sunspot Observations in Spain 


A sumMARY of the observations made at Madrid 
Observatory during 1951 is given by E. Gullé6n in 
the Bolettn Astronémico Del Observatorio De Madrid 
(4,No. 5; 1952). As in previous years, the observ- 
ations were made with the Zeiss spectroscope, 
mounted in the equatorial Grubb telescope with object 
glass 20 em. aperture and focal length 3 m. Six tables 
are puplished giving the usual details regarding the 
observations, and there are many illustrations 
showing large prominences at various times during 
the year. These are followed by a number of tables 
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giving details of the observations of sunspots made 
in 1951 in the observatories of Madrid, Valencia, 
Cartuja (Granada) and Ebro. All the observations 
made at the different observatories have been sent 
each quarter to the International Bureau at Zurich, 
following the precedent of previous years. 


Factory Problems 


THE latest publication by the Institute of Per- 
sonnel Management in its series of Occasional Papers 
is one by Wilfred Brown. The author is the managing 
director of the Glacier Metal Co., which, for many 
years, has been conducting a serious attempt to 
understand the managerial and social problems of 
to-day. In 1948 it undertook, with the Tavistock 
Institute of Human Relations, a joint sociological 
research into such matters. One of the results of 
this research has been the emergence of @ series of 
defined ideas and concepts stating the social pro- 
cesses in use in its factories. The paper is an attempt 
to describe those ideas and concepts upon which 
its leaders, managers, technicians, shop stewards 
and representatives are basing their methods of 
dealing with the day-to-day technical, economic, 
production and administrative problems encountered 
in operating the company. The Company is con- 
tinuing its research activities in this field, and believes 
that the work so far done is but a start in the long 
process of achieving a greater degree of scientific 
objectivity in the social affairs of a factory. The 
paper, “Some Problems of a Factory’’, may be 
obtained from the Institute of Personnel Manage- 
ment, Management House, Hill Street, London, W.1. 


Courtaulds’ Scientific and Educational Trust Fund : 
Awards 


THE trustees of the Courtaulds’ Scientific and 
Educational Trust Fund have announced the award 
for 1953 of the following postgraduate research 
scholarships in a branch of science related to the 
textile, plastics and allied industries, the awards 
being worth £400 and tenable for one year at the 
institute shown: D. W. Bannister, University of 
Oxford (renewal of 1952 award); C. S. Chadwick, 
Manchester College of Technology (renewal of 1952 
award); P. G. Francis, University of Heoting: 
A. J. Head, Birkbeck College, London; R. 
Hochstrasser, University of Edinburgh; D. Mar. 
gerison, University of Liverpool; R. I. C. Michie, 
Manchester College of Technology; Miss E. R. 
Robertson, University College, Dundee; P. T. 
Speakman, University of Oxford (renewal of 1952 
award); B. D. Stead, University of Birmingham 
(renewal of 1952 award) ; R. Stephens, University of 
Birmingham. Postgraduate research scholarships in 
textile technology, worth £320 for the first year and 
£360 for the second year (except where otherwise 
shown), have been awarded as follows: C. B. Chap- 
man, University of Leeds ; G. E. Cusick, Manchester 
College of Technology ; A. F. Greenwood, University 
of Leeds; D. R. Hardisty, Manchester College of 
Technology ; F. K. Hall; University of Leeds (renewal 
of 1951 award for one term); H. B. Hallows, Man-~ 
chester College of Technology (renewal of 1951 award 
for one year); G. M. Jeffrey, University of Leeds 
(renewal of 1951 award for one year). 


Eighth International Congress of Botany 

Tae Eighth International Congress of Botany will 
be held in Paris during July 2-14, 1954, in con- 
junction with the hundredth anniversary of the 
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Botanical Society of France. Besides the plenary 
meetings, the Congress will consist of section meetings 
which will be divided into two categories: those 
devoted to organized colloquia on definite topics ; 
and those devoted to sundry communications. For 
the former, general reports not exceeding twenty 
thousand letters and original communications not 
exceeding five thousand letters, and for the latter, 
summaries not exceeding two thousand letters, may 
be submitted, and they should all be sent to the 
respective section secretaries before January 15, 1954. 
In addition to the Congress events, there will be 
meetings of a number of Commissions of the Inter- 
national Union of Biological Sciences. The official 
languages of the Congress will be English and French, 
but if sufficient advance notice is given, interpreters 
can be arranged for those who may wish to speak in 
German, Russian or Spanish. A large number of 
excursions are being organized, some of which, 
including those to North and West Africa, will take 
place before the Congress, and early notice is requested 
of those who wish to participate. The fee for those 
taking part in the Congress will be 5,000 francs (about 
£5 or 15 dollars), with half-rates for students and for 
those merely accompanying participants. All corre- 
spondence on matters not relating to the individual 
sections should be addressed to the Secrétariat 
Général, 8° Congrés de Botanique, C.N.A.M., 292 rue 
Saint-Martin, Paris 3°, from which registration forms, 
programmes and all further information can be 
obtained. 


The Night Sky in September 


NEw moon occurs on Sept. 8d. 07h. 47m., U.T., 
and full moon on Sept. 23d. 04h. 15m. The following 
conjunctions with the moon take place: Sept. ld. 
16h., Jupiter 4° 8.; Sept. 5d. O03h., Venus 0-3° N. ; 
Sept. 6d. 17h., Mars 3° N.; Sept. lld. 22h., Saturn 
8° N.; Sept. 29d. 03h., Jupiter 4° S. In addition to 
these conjunctions with the moon, the following 
conjunctions of planets with bright stars occur: 
Sept. 13d. Olh., Mars 0-8° N. of Regulus ; Sept. 23d. 
09h., Venus 0-4° N. of Regulus; Sept. 29d. 17h., 
Mercury 1-6° N. of Spica. Mercury, a morning star 
at the beginning of the month, is in superior con- 
junction on September 7, afterwards becoming an 
evening star, but is too close to the sun during the 
month for favourable observation. Venus, a morning 
star, rises at lh. 55m., 2h. 30m. and 3h. 10m. on 
September 1, 15 and 30, respectively ; its stellar 
magnitude is about — 3-4, and the visible portion of 
the illuminated disk varies between 0-78 and 0-86. 
Mars, a morning star, rises about 3h. 30m. during 
the month and can be seen in the constellation Leo, 
through which it has an eastward movement ; 
towards the middle of September it lies a little north 
of Regulus. Jupiter rises at 22h. 45m., 22h. and 2th. 
on September 1, 15 and 30, respectively, its stellar 
magnitude being about — 2. During the month it 
moves eastward from north of € Tauri towards the 
constellation Gemini, and this movement is easily 
detected. Saturn sets at 20h. 15m. on the first of 
the month, and an hour after sunset during the 
middle of the month, after which it draws too close 
to the sun for favourable observation. Occultations 
of stars brighter than magnitude 6 are as follows, 
observations being as if made at Greenwich: Sept. 
27d. 2h. 30-9m., 17 Taur. (D) ; Sept. 27d. 3h. 05m., 
23 Taur. (D); Sept. 27d. 3h. 33-5m., 17 Taur. (2) ; 
Sept. 27d. 3h. 43-1m., 4 Taur. (D); Sept. 27d. 4h. 
15-5m., 23 Taur. (R); Sept. 27d. 4h. 37-5m., 27 
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Taur. m. (D); Sept. 27d. 4h. 57-6m., y Taur. (R) ; 


Sept. 28d. 23h. 50-lm., 125 Taur. (R); D and ? 
refer to disappearance and reappearance, respect - 
ively. Autumnal equinox takes place on September 
23d. O8h. 


Announcements 


TuE Institution of Metallurgists announces that the 
Duke of Edinburgh will open the Platinum Metals 
Exhibition organized by the Institution at Grosvenor 
House, London, on October 19. The Exhibition is 
being held to mark the 150th anniversary of William 


Hyde Wollaston’s announcement of his discovery of 


palladium, and will be open to the public during 
October 22-24. 


Mr. Wrr11am E. Mixer, editor of the Wireless 
Worid, has been re-elected president of the British 


Institution of Radio Engineers for a second term of 


office. The senior award of the Institution, the Clerk 
Maxwell Premium, has been awarded for 1952 to Dr. 
Charles Siisskind, of the Microwave Laboratory, 
Stanford University, for his paper on ‘‘Obstacle-Type 
Artificial Dielectrics for Microwaves”, published in 
the Institution’s Journal of January 1952. 


A Farapay Society General Discussion on “‘Dyeing 
and Tanning’ will be held in the Department of 
Chemistry, University of Leeds, during September 
8-10. The Discussion will be divided into two parts, 
devoted to rate processes and structural effects, 
respectively, and will be preceded by a general intro- 
duction by Sir Eric Rideal. Further information can 
be obtained from the Secretary, Faraday Society, 
6 Gray’s Inn Square, Gray’s Inn, London, W.C.1. 


TuE British Society of Rheology is arranging a 
symposium on ““The Mixing of Thick Liquids, Pastes 
and Slurries’’, to be held in the Main Chemistry 
Lecture Theatre of the Imperial College of Science 
and Technology, London, on September 25. ‘lhe 
symposium will be preceded by the annual genera! 
meeting of the Society. Admission to the symposium 
is free, without ticket. Further information can be 
obtained from the Honorary Secretary, British 
Rheological Society, Flat H 12, Sloane Avenue Man- 
sions, London, 8.W.3. 


THE eleventh annual meeting of the Electron 
Microscope Society of America will be held at the 
Pocono Manor Inn, Pocono Manor, Pennsylvania, 
during Ncevember 5-7. Programmes with abstracts 
of papers to be presented will be available after 
October 15 from the programme chairman, A. R. T. 
Denues, Sloan-Kettering Institute for Cancer 
Research, 444 East 68th Street, New York 21, N.Y. 
Local arrangements are being made by Kenneth +. 
McCarty, Veterans Administration Hospital, 130 
West Kingsbridge Road, Bronx, New York. 


In the article entitled “International Electro- 
Acoustics Congress” in Nature of August ], p. 189, it 
is stated that the International Committee of 
Acoustics is ‘‘an offshoot of Unesco”. This is not 
correct. The Committee belongs to the International 
Union of Pure and Applied Physics, and it received 
@ subvention this year from Unesco through that 
Union and the International Council of Scientific 
Unions. 


Erratum. In the communication entitled ‘“Bio- 
genesis of Alkaloids of Solanacex”’ by Sir Robert 
Robinson in Nature of August 22, p. 344, penultimate 
paragraph, for ‘“‘this base’ read ‘‘cuskhygrine’’. 
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THREE -DAY symposium on “Impurity 
A Phenomena” was held at the Knoll’s Research 
Laboratory of the General Electric Co., Schenectady, 
during June 16-18, arranged by the Division of 
Physical and Inorganic Chemistry and the Eastern 
New York Section of the American Chemical Society 
in conjunction with the Division of Solid State 
Physics of the American Physical Society. About 
three hundred persons attended the symposium, and 
it proved a very successful meeting-ground for 
chemists and physicists active in a field in which 
contributions of both groups have been significant. 

The first session, under the chairmanship of Dr. 
F. E. Williams (General Electric Research Labor- 
atory), dealt with general aspects of impurity 
phenomena. Prof. F. Seitz (University of Illinois) set 
the stage for the symposium by reviewing the range 
of crystal imperfections. From such a point of view, 
imperfections in a perfect crystal include lattice 
vibrations or phonons; free electrons and holes ; 
excitons (a neutral electron-hole combination) ; 
vacancies at lattice sites and interstitial ions or atoms 
in the lattice ; F-centres ; foreign or impurity atoms 
or ions; and dislocations. Light interacting with 
such a crystal is treated in terms of photon impurities 
in the lattice. Prof. Seitz went on to say that the 
significant advance of recent years has been in the 
disentangling of these separate imperfections and in 
showing their inter-relationships. Thus F-centre 
formation can be shown to be a result of the inter- 
action of several imperfections—dislocations associ- 
ating to form ion vacancies, free electrons being 
produced and then being trapped at the negative ion 
vacancies. The following paper, by Prof. C. Wagner 
(Massachusetts Institute of Technology), dealt with 
the role of lattice defects for solubility problems in 
ionic crystals and stressed the similarities with 
solubility problems of ideal and non-ideal aqueous 
solutions. Among the problems cited was the decrease 
in the solubility of silver sulphide in zine sulphide in 
the presence of cuprous sulphide. In general, the 
solubility of a solute 2 in the solvent crystal 1 will 
be decreased by presence of a solute 3 if both solutes 
have either a greater or @ smaller cation/anion ratio 
than the solvent, and thus dissolution of solutes 2 
and 3 results in the formation of the same type of 
defect, either interstitial ions or vacancies. The last 
paper of the general session was entitled ‘“Evidences 
of Crystalline Imperfections in Nuclear Magnetism”’ 
and was presented by Prof. R. V. Pound (Harvard 
University). Nuclear paramagnetic resonance has 
become a tool for the study of the solid state, and 
some effects were described. The relaxation times 
measured can indicate the strength of the heat 
contacts between the spin system and the lattice, 
and these are modified in the presence of impurities. 
Paramagnetism associated with lattice constituents 
was discussed, and the presence of dislocations and 
their density may also be investigated for ‘perfect’ 
and ‘work-hardened’ crystals. 

The second session, under the chairmanship of Dr. 
P. Pringsheim (Argonne National Laboratory), dealt 
with the coloration of solids by impurities. Dr. J. H. 
Schulman (Naval Research Laboratory) indicated 
how impurities can influence markedly the colorations 
produced by ionizing radiations on solids. The 
impurities may change the number of crystal defects 
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due to mis-match in ion size or polarization properties. 
They may change the concentrations of negative and 
positive ion vacancies due to electrostatic charge 
differences between the impurities and host crystal 
constituents, and they may act as traps for electrons 
and holes. Since the concentrations required for such 
effects may be very small, there is a field of investi- 
gation unfolding to disentangle the effects men- 
tioned from those associated with host crystals of 
ultra-purity. Prof. W. A. Weyl (Pennsylvania State 
College) read a paper on metals in the atomic state 
in glasses, contrasting with their behaviour in solids. 
The coloration of alkali halides by the presence of 
colloidal metal was described by A. B. Scott, W. A. 
Smith and M. A. Thompson (Oregon State College). 
Alkali halides containing excess alkali metal, on 
moderate heating, develop absorption bands due to 
colloidal metal of estimated particle size 10-50 A. 
After extended heat treatment, the particle size 
becomes increased, and scattering of the light then 
occurs. J.J. Markham (Johns Hopkins University) 
closed the session with a synthesis of some of the 
properties of colour centres. He discussed the inter- 
action of colour centres with their environment and 
separated two classes of interactions—the macro- 
scopic, which affect the rates at which bands are 
formed during irradiation and affect the bleaching 
rates both in the light and in dark, and the micro- 
scopic, which affect the shape of the band and the 
bleaching properties at very low temperatures. The 
question of whether there exists more than one type 
of F-centre depending on the method of preparation 
still remains open. 
The third session, with Dr. H. W. Leverenz 
(R.C.A. Laboratories) as chairman, dealt with 
activators in luminescent crystals. Prof. R. Ward 
(University of Connecticut) spoke on the chemistry 
of phosphors and on the increasing necessity for 
ultra-high purity in the preparation of the chemicals. 
He discussed certain luminescent systems such as 
zine sulphide/copper in which the concentration of 
copper impurity markedly affects the colour of the 
luminescence. The need for inclusion of com- 
pensating ions to sstisfy electrical neutrality was 
emphasized, and he ended with a discussion of recent 
work on the luminescence of materials with perovskite 
structure. Dr. C. C. Klick (Naval Research Labor- 
atory) spoke on emission and absorption associated 
with luminescent centres at low temperatures. The 
main features at low temperatures are: that the 
bands remain broad; the emission and absorption 
band-widths vary as the square root of the tem- 
perature at high temperature but vary at a lesser 
rate and approach a constant value at low tem- 
peratures; and some systems show an emission 
composed of equally spaced ‘lines’. Certain of these 
features could be explained by treating the lumines- 
cent centre as a one-dimensional harmonic oscillator. 
Vibrational frequencies in the range 10'*-10" c./s. 
are obtained on the basis of such a model. Dr. D. L. 
Dexter (University of Rochester) spoke on the theory 
of sensitized luminescence in solids. To obtain 


sensitized luminescence one adds to the host crystal 
two sets of activators. One, the sensitizer, possesses 
strongly allowed optical transitions and absorbs the 
incident radiation, the other, the activator, has a 
forbidden transition ; and the two are chosen so that 
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the emission band of the sensitizer overlaps the 
absorption band of the activator. There is then a 
radiationless transfer of energy from the sensitizer to 
the activator. The extent of the sensitized region 
surrounding each sensitizing centre was indicated as 
about thirty lattice sites with a general increase in 
sensitivity in the region of a thousand. The theory 
of the luminescence of impurity-activated ionic 
crystals was discussed by Dr. F. E. Williams (General 
Electric Research Laboratory), who indicated how 
refinements to the recent theory of the luminescence 
of thallium-activated potassium chloride improve 
agreement between theory and experiment. The 
angular dependence of the wave function of the 
excited state affects the luminescence peak-shape. 
An evaluation of the first-order perturbation of the 
energies of the activation ions by the crystal field 
indicates that it is appreciably different for the ground 
and excited states, thus altering the position of the 
emission and absorption peaks. Dr. R. H. Bube 
(R.C.A. Laboratories) gave a general paper on traps 
and trapping processes and their importance for 
luminescence theory, particularly in affecting fre- 
quence response. Traps due to host crystal imper- 
fections and due to the presence of impurities have 
been separated and studied for sulphide and silicate 
phosphors. 

The next session was devoted to the photographic 
process. In his introduction, the chairman, Dr. J. A. 
Leermachers (Kodak Research Laboratories) indi- 
cated the scope of the photographic process, its 
dependence on rate processes and the problems 
connected with the primitive sensitivity and the 
superimposed chemical effects. Dr. F. Urbach 
(Kodak Research Laboratories) presented a paper, 
read by Mr. D. Pearlman, on some effects of inorganic 
impurities on silver halide crystals. Slight traces of 
alkaline earth metals in silver bromide produce 
luminescence at 77° K. with long afterglow. In 
addition, very slight amounts of nickel and gold in 
silver bromide have been found to produce marked 
effects. Dr. G. W. Luckey (Kodak Research Labor- 
atories) discussed recent measurements performed 
on the vacuum photolysis of silver bromide. The 
pressure of photolytic bromine was measured for 
slabs, crystals and evaporated films and the quantum 
yield—that is, the number of bromine atoms produced 
per quantum of light absorbed—was found to increase 
with decreasing wave-length. The results showed 
vacuum to be a good halogen acceptor, and the 
quantum yield is near unity when the concentration 
of electron traps is high. For thick specimens the 
decomposition that produced measurable quantities 
of bromine occurred in a surface layer of the crystals 
of thickness approximately 0-3 micron. Dr. W. 
West (Kodak Research Laboratories) read a paper 
on the effect of impurities on the optical sensitization 
of the photographic emulsion. It is well known that 
the general level of sensitivity of silver halide photo- 
graphic emulsions may be increased by the presence 
of chemical impurities on the surface, as for example 
sulphur, which may be introduced during the emulsion- 
ripening process. There are also other sensitizers— 
for example, certain dyes—which confer sensitivity 
in the long wave-length region and the general level of 
activity of which is governed by the presence of 
slight traces of additional impurities which may 
increase sensitivity (super-sensitizers) or decrease 
sensitivity (anti-sensitizers). A general mechanism 
associated with these processes was presented. The 
session closed with a paper by F. W. H. Mueller, H. 
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Hoerlin and E. T. Larson (Ansco Division) describing 
the sensitization of X-ray emulsions by very sma!| 
quantities of a divalent salt such as lead or cadmium 
bromide. 

‘Analysis for Trace Impurities’’ was the subject of 
the fifth session under the chairmanship of Prof. 
W. D. Cooke (Cornell University). Dr. M. G. Inghram 
(University of Chicago) outlined the use of the mass 
spectrometer for trace element determination with 
particular emphasis on the isotopie dilution method. 
Analysis for trace impurities by neutron activation 
was described by W. A. Brooksbank, G. W. Leddicoie 
and H. A. MahIman (Oak Ridge National Laboratory), 
and the sensitivity of the method in several instances 
was cited. Details were described of the recently 
inaugurated public service whereby specimens may 
be submitted for analysis at the Oak Ridge Nationa! 
Laboratory. A second paper, by W. A. Brooksbank 
and G. W. Leddicote, described procedures for separ- 
ating out trace impurities by ion-exchange methods 
for use in conjunction with the neutron-activation 
techniques. The combination provides an extremely 
sensitive and specific method for the determination 
of small quantities of the rare earths and alkali 
elements in the presence of each other, Dr. L. Strock 
(Sylvania) followed with a paper on the extension « 
the sensitivity of emission spectroscopy both by 
physical means within the light souree and by means 
external to the source. The methods have been used 
for impurity estimation in germanium in the 10-° to 
10’ weight per cent range—that is, 1 part impurity, 
in 107-10* atoms. C. A. Streuli and W. D. Cook 
(Cornell University) discussed the application of a 
polarized mercury-pool electrode to polarography, 
indicating its advantages coupled with greate: 
sensitivity compared with the dropping-mercury 
electrode. Polarograms for several metals were 
shown with a sensitivity of about 20 x 10-* gm./mi. 

The final session, under the chairmanship of Dr. 
A. H. White (Bell Telephone Laboratories), was 
devoted to papers discussing the role of impurities in 
semi-conductors and transistors. The equilibrium 
thermochemistry of solid and. liquid alloys of ger- 
manium and silicon was discussed by C. D. Thurmond 
and J. D. Struthers (Bell Telephone Laboratories). 
The solubilities of antimony and copper in germanium 
were determined. Dr. R. N. Hall (General Electric 
Research Laboratory) discussed the segregation of 
impurities during the growth of germanium and 
silicon crystals. By a radiographic technique this 
segregation was observed and its dependence on rate- 
growth and crystal orientation determined. Since 
this dependence is generally much greater for dono: 
impurities than it is for acceptors, it makes possible 
the growth of crystals containing large numbers of p- 
junctions. H. M. James and A. S. Ginsberg (Purdue 
University) read a theoretical paper on the effects 
of impurity atoms on the band structure of alloys 
and semi-conductors on the basis of a one-dimensional 
alloy or crystal. The sharply defined impurity band 
for a crystal with the regularly placed impurities 
becomes replaced by a broadened region of high 
energy-level density when the impurities are randomly 
arranged. E. Burstein, E. E. Bell and J. W. Davisson 
(Naval Research Laboratory) and M. Lax (Syracuse 
University) discussed some optical investigations of 
impurity-levels in silicon at the temperature of liquid 
helium. Optical absorption by neutral impurities 
may involve two things: photo-ionization of bound- 
charge carriers, which is accompanied by photo- 
conductivity ; and optical excitation of bound-charge 
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carriers from the ground-state to higher energy-states 
which appears as relatively narrow bands at wave- 
lengths beyond the photo-ionization limit. Such 
transitions are observed in boron-doped specimens 
at 28-7, 31-2 and 36-0 microns, which are attributed 
to 1s-4p, 1s-3p and ls—2p transitions respectively. 
J. A. Burton, G. W. Hull, F. J. Morin and J. C. 
Severiens (Bell Telephone Laboratories) described the 
effects of nickel and copper impurities on increasing 
the rate of recombination of holes and electrons in 
germanium. The dependence of lifetime on resistivity 
at room temperature is consistent with the Shockley— 
Read—Hall theory of recombination at traps near the 
middle of the forbidden band. The capture cross- 
section of these traps for holes and electrons were 
estimated. The final paper, by Dr. S. R. Morrison 
(University of Illinois), described measurements on 
the changes of surface conductivity of germanium with 
ambient atmosphere, in which the changes of conduct- 
ivity were correlated with changes in the space charge 
layer at the free surface of the semi-conductor. 

The majority of the papers read at the meeting 
will be published in the November issue of the 
Journal of Physical Chemistry. W. GRATTIDGE 
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INSTITUTE FOR THE 
ENCOURAGEMENT OF SCIENTIFIC 
RESEARCH AND AGRICULTURE, 

BRUSSELS 
REPORT FOR 1952 


HE annual report for 1952 of the Institute for 

the Encouragement of Scientific Research and 
Agriculture, Brussels*, records forty-one grants made 
during the year, totalling 99,894,670 Belgian francs. 
Of this sum, 16,870,000 francs went to the Committee 
for Mapping the Soil and Vegetation of Belgium for 
systematic studies of the pedological character of the 
soils and completing the pedological map. A grant 
of 8-19 million franes went to the Committee for the 
Study of the Disease and Nutrition of Cattle, partly 
for research on trichosomiasis and brucellosis and 
partly for investigations on nutrition. The National 
Centre for Grass and Fodder Research received 7-35 
million frances for research on the rational and 
intensive exploitation of grass in Belgium, and the 
National Centre for Metallurgical Research 7-18 
million francs in support of its programme of research 
on the determination of gas and the influence of the 
presence of gas in metals, the determination of 
occlusions in steel, spectral analysis and metallurgical 
physics. These investigations have included com- 
parative studies on the determination of nitrogen in 
ferrous alloys, cast iron and special steels, the 
deoxidizing action of silicon, aluminium, silico- 
aluminium, silico-calcium and magnesium, and micro- 
kinematographic studies of fracture by bending. The 
National Committee for the Study of Fruit Culture 
received a grant of 5,632,250 francs in support of 
& programme of work bearing on the rational de- 
velopment of orchards, for researches relating to 
soils and manures, plant investigations, including 
systematic studies on plums and apples, cytological 
research, and researches on fruit pathology. A grant 
of 4°45 million francs went to the Committee for the 
* Institut pour I’Encouragement de la Recherche oe dans 
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Scientific and Technical Study of Milk and its 
Products for work in this field, including the preserva- 
tion of milk, the changes occurring in butter on 
storage in refrigerators, the microbial floral and 
chemical composition of different makes of cheese, 
and studies on the preparation of acidified milks such 
as yoghourt. 3-81 million francs to the Technical 
and Scientific Centre of the Belgian Glass Industry 
were for the continuation of investigations on the 
annealing of glass, on the physical and chemical 
properties of different glasses and on the manufacture 
of mirrors. 

The Centre for Studies and Research into Hydro- 
ponics received 2,525,000 francs for its investigations 
on the behaviour of certain agricultural and horti- 
cultural plants on cultivation in mineral substrata and 
on the mineral nutrition of vegetables; 2,312,500 
francs went to the Belgian Centre for the Study and 
Documentation of Water for research on water treat- 
ment, on rust and corrosion and on effluents; and 
2,276,500 francs to the Committee for the Study of 
Metallic Creep at Ordinary Temperatures for further 
work on creep in hardened steel. The Centre for the 
Study of High Polymers received 2,262,000 francs 
for chemical and physico-chemical investigations on 
high polymers, and the Committee for the Study of 
Metallic Creep at High Temperatures 2,088,000 francs 
for investigations on the creep of steel above 575° C. ; 
2,040,000 francs were granted to the Committee for 
the Study of Organic Matter in Belgian Soils for 
investigations on the degradation of certain soils 
through loss of structure, and 1,892,000 francs for 
investigations into animal and vegetable physiology 
using the radioactive isotope technique. Research on 
the machinability of steel received a grant of 1,849,000 
francs; 1,781,300 francs went to the Centre for 
Scientific and Technical Research of the Metal 
Industry for casting research ; 1-7 million francs for 
pathological and genetical research on the potato ; 
1,460,000 francs for corrosion research, including 
cathodic protection and the study of descaling treat- 
ments; 1-24 million francs to the Tobacco Com- 
mission of the Provincial Agricultural Committee of 
Western Flanders for research on the commercial 
cultivation of tobacco; 1-13 million frances for 
research on the cultivation, conservation and util- 
ization of medicinal and aromatic plants; and 1-12 
million francs to the Committee for Research into 
Cereal Diseases. 

Among smaller grants may be noted those for 
cotton research (922,500 francs), for investigations 
on the culture of mushrooms (770,000 francs), for 
research on the sensitization and granulation of 
photographic emulsions (700,000 francs), for scientific 
and technical research at high pressures (595,000 
francs), for welding research (531,000 francs), for 
investigations on the specific heat of organic com- 
pounds (360,000 francs), for microbiological investi- 
gations on vinegar manufacture (111,250 francs) 
and 270,000 francs for investigations on the cultivation 
of maize in Belgium. The Belgian Centre for Naval 
Research received 450,000 francs in support of 
research on thermal and acoustic insulation, while 
722,000 francs were granted to the Research Centre 
of the Belgian Ceramic Industry for investigations 
on the plasticity of pastes and viscosity of slips used 
in ceramics and 712,500 francs to the Technical 
Centre of the Textile Industry for investigations on 
the oiling of jute fibres. A list of publications relating 
to assisted researches appearing during the year is 
included. 
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DEPARTMENTS OF TEXTILE 

INDUSTRIES AND COLOUR 

CHEMISTRY AND DYEING, 
UNIVERSITY OF LEEDS 


REPORTS FOR 1950-52 


HE Advisory Committee on the Departments of 

Textile Industries and Colour Chemistry and 
Dyeing of the University of Leeds has made two 
reports, for the sessions 1950-51 and 1951-52, 
respectively, to the Worshipful Company of Cloth- 
workers of the City of London*. That for the session 
1950-51 refers to continued excessive pressure on 
accommodation. In the Department of Textile 
Industries, where students will in future be able to 
read for honours degrees in textile physics, textile 
chemistry or textile engineering, the equipment of 
all sections is now in excellent condition, permitting 
both teaching and research on the most modern 
machinery. In the textile physics section the electron 
microscope has been used for examining keratin and 
also the disintegration of cellulose fibres in strong 
mineral acids. A further laboratory has been equipped 
for teaching and routine work on the examination of 
fibres by the microscope and other optical methods, 
and in the weaving section progress is reported in 
studies of cloth-setting and the influence of structural 
differences, in respect of yarn, weave interlacing and 
sett, on the properties of woven fabrics. In the 
finishing section, besides work on the action of metal 
amines on proteins, the properties of viscose rayon 
containing vinyl polymers have been examined with 
the object of developing methods for producing 
dimensionally stable rayon fabrics. Work in the 
textile chemistry section has dealt with the behaviour 
of the alcohols and esters of wool wax at the air—water 
interface, variation in sulphur content and plasticity 
among wool fibres, the swelling of keratin, the dis- 
solution of wool and the action of neutral salts on 
animal fibres. In the Department of Colour Chemistry 
and Dyeing, progress is reported in the study of the 
self-union of organic compounds such as meso- 
benzanthrones and pyrazoleanthrones, a satisfactory 
explanation of the mechanism of formation of 
flavanthrone in the alkali an of 2-aminoanthro- 
quinone has been obtained, and an investigation of 
the substitution of cinnoline, phthalazine, quinoxaline 
and quinazoline by anions was commenced. Lists of 
publications are included. 

The report for the session 1951—52 reports a record 
number of students in the Department of Textile 
Industries and a further increase in students in the 
Department of Colour Chemistry and Dyeing, where 
two new scholarships for research in colour chemistry 
have been endowed, as well as two new studentships. 
In the textile physics section an ultrasonic technique 
was being applied to both keratin and cellulose, and 
@ new type of rotating vacuum seal being developed 
for use in interpreting the molecular structure of 
keratin. In the textile chemistry section conclusive 
proof has been obtained that the variation in plas- 
ticity among the fibres in a single staple is associated 
with the age of the follicles from which they are 


* University of Leeds. Report to the Worshipful Company of 
Clothworkers Me the City of London of the Advisory ap ttee on 
Departments of Textile Industries and Colour Chemistry and Dyeing 
during the 1 41. — for the Seasion 1951-52. 
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derived, and the formation of cross-linked polymers 
inside wool fibres by co-polymerization of compounds 
such as divinyl ether and methacrylic acid has been 
studied, while methods were being devised for 
weighting the different types of side-chains with 
heavy metal atoms so that their distribution could 
be determined by X-ray examination of the treated 
fibre. Two quantitative methods of estimating the 
amount of medulla in hairy wools have been dis- 
covered, and in textile engineering the performance 
of the prototype electronic mule has been so satis- 
factory that the first large-scale model was being 
built for trial in a Yorkshire mill. The action of 
metal amines on wool and other proteins and the 
influence of various treatments on the dyeing pro- 
perties of wool was being examined in the textile 
technology section in co-operation with the Depart- 
ment of Colour Chemistry and Dyeing Other 
problems being investigated included the bleaching 
of pigmented fibres, the setting of nylon, and the 
assessment of damage in textile materials. 

In the Department of Colour Chemistry and 
Dyeing work on the constitution of the anthra- 
quinone—carbazole dyes and the mechanism of their 
formation points to the possibility of a general theory 
of reactions involving condensation of organic com- 
pounds by hydrogenation. A study of the con- 
densation of amines with aromatic nitro-compounds 
was commenced, and an investigation of the reduction 
of anthraquinone derivatives with alkaline sodium 
dithionite, which indicates an unexpectedly frequent 
formation of anthrones, has a direct bearing on the 
application of vat dyes. Work on the preparation 
and orientation of the tert.-butyl derivatives of 
acenaphthene was completed, and that continued on 
the resolution of dl-mandelic acid and its derivatives 
into optically active forms on wool and on the 
chemical and physical factors concerned in the 
application of dispersed dyes to cellulose acetate 
rayon. 


A NATURALIST IN SOUTHERN 
ETHIOPIA 


R. HUGH SCOTT, who has just returned from 

yet another journey to Abyssinia, has placed in 
his debt everyone whose scientific interests include 
this remarkable part of the world. On his expedition 
of 1948-49, which is dealt with in a recent paper*, 
as on his first, Dr. Scott’s main purpose was to collect 
insects at high altitudes ; but incidentally he acquired 
@ great deal of information about the country and 
its inhabitants. Much of the area he passed through 
was little known and it was exceedingly ill- 
documented, especially in English; therefore the 
account that he gives of the topography, vegetation 
and climate provides, in addition to an account of a 
naturalist’s journey, as fascinating in itself as his 
account of the Yemen (‘‘In the High Yemen.”’ 2nd 
edit., 1949), an invaluable background to any bio- 
logicai work concerned with the area traversed. The 
text is supported by a good bibliography, and a 
special feature of the paper is the twenty-six plates, 
illustrating @ variety of subjects of interest to the 
botanist, Sin ae and geographer. 


* Journey to the Gughé 3 et er ig Pittorte). 1948-49 ; 
Biogeographical Research at High Altitudes. By Dr. Hugh Scott. 
Proc. Linn. Soc., Seasion 163, ips. = 85-189 +26 plates. 
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Dr. Scott reached Addis Ababa on August 20, 
1948; but the unusually heavy rains had done so 
much damage to the roads he wished to traverse 
that he was not able to start until October 15. He 
returned to the capital on January 28, 1949, after a 
remarkable journey, with no European companion, 
which took him to within about seventy miles of the 
Kenya border. His main objective was the high 
ground west of the Rift Valley, Mt. Damota (10,400 
ft.) and the almost legendary Gughé Highlands, 
rising to 13,780 ft. He continued south through 
Konso to Yavello and returned to his base up the 
eastern side of the Rift. It is pleasant to record that 
on his 1948-49 journey Dr. Scott found public 
security much better than it had been when he was 
travelling in the country during 1926-27. 

The account of the journey is prefaced by a section 
on “Biogeographical Considerations’, in which Dr. 
Scott briefly considers the “zones of vegetation in 
southern Ethiopia” (with special reference to those 
on the mountains he personally explored) in relation 
to published information about the biology of 
mountain country elsewhere in Africa. In this con- 
nexion he discusses certain groups of Coleoptera in 
which he is @ specialist; and also the effects of 
isolation on the evolution of congeneric species, 
together with the parallel evolution of certain insects 
along with the high-mountain plants with which they 
are so closely associated. 

Although his main task in Ethiopia was the col- 
lection of observations on and specimens of insects, 
Dr. Hugh Scott made a most useful botanical col- 
lection. Hitherto, nothing much was known of the 
vegetation of Mt. Damota and the Gughé Highlands, 
and no collections of plants from these mountains 
had ever been made. Dr. Scott is to be congratulated 
on bringing home many plant specimens in such an 
excellent state of preservation that one might have 
imagined that they had been taken and prepared 
under ideal conditions. This, however, is far from 
the truth, for much of the time that he was at high 
altitudes, Dr. Scott was working under very austere 
and unpleasant conditions. The Gughé Highlands in 
particular are notoriously wet. That Dr. Scott 
endured “raw, damp weather, with thunder on 
two nights’”’ when camping at about 10,600 ft. on 
Mt. Tola, is certainly not reflected in the specimens 
he obtained. 

Botanically the chief interest in the collection is 
that it comes from an area situated between the 
Simien Highlands, so well collected by German and 
French collectors in the first half of the past century, 
and the highlands of Kenya, the flora of which is 
now comparatively well known. When Dr. Scott’s 
plant collections are finally worked out, the pre- 
liminary determinations of which are listed at the 
end of his paper, many gaps in our knowledge of the 
distribution of plants on the mountains of Africa will 
have been filled. 

About half the paper is taken up with the 
“Description of the Country, with Natural History 
Notes’, to which are added three appendixes. The 
most important of these deals with the author’s 
archeological and ethnological observations, with 
special reference to the phallic monoliths of Walamo 
and Sidémo. These exist in thousands, many of them 
up to ten feet in height, yet they are very little 
known. In his main narrative Dr. Scott gives full 
rein to his very wide natural history and human 
interests. They range from the Addis Ababa gardens, 
and the butterflies and birds that frequent them, to 
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the sprvad of prickly pear, the practices of the local 
bee-keepers and the uses made of the local bamboos. 
He found almost everywhere that extensive inroads 
had been made into the native vegetation, and that 
in places cultivation had been carried right up to 
10,000 ft. Yet in parts of the south, splendid primary 
forests still exist. He gives, of course, special 
importance in his narrative to the mountain massifs 
that were bis principal objective ; and anyone who 
has had the good fortune to be a pioneer in any 
branch of biological exploration in an unknown 
locality will live again with him the enthusiasm with 
which he toiled up those distant slopes. 

R. E. Moreau 

E. MItnE-REDHEAD 


GRAZING BEHAVIOUR OF 
BULLOCKS 


NVIRONMENTAL factors which can influence 

the behaviour of a herd of bullocks may be 
divided into, first, the natural conditions of 
climate, including seasonal changes and weather ; 
and secondly, the system of management of the 
bullocks, 

Methods of management, the ways in which grass, 
in different quantities and of varying quality and 
palatability, is offered to the beasts, fall into two 
categories. The grazing may be uninterrupted from 
day to day, as in free-range and rotational systems. 
Other methods exercise some form of daily control 
over the quantity of herbage allowed the bullocks, 
which may be a control of area or of time allowed 
on the grass. In a recent article, J. C. Tayler, of the 
Grassland Research Station, Stratford-on-Avon, has 
described the behaviour of Hereford-cross bullocks 
under two management systems in these categories 
(Brit. J. Animal Behaviour, 1, No. 2; April 1953). 

These studies have shown that the grazing 
behaviour of bullocks in a herd may be regarded as 
following a repeated daily pattern closely related to 
environmental factors. Of these factors, the varying 
hours of daylight throughout the year produce 
seasonal changes in the basic pattern. Weather and 
other disturbances may affect the grazing pattern in 
many minor ways; but, next to seasonal effects, those 
resulting from the system of management seem to 
be the most important. 

Under the two systems of management, ‘rotational’ 
and ‘strip’ grazing, changes in behaviour resulting 
from the system may be due to the herbage, through 
its physical, internal effect as, for example, in winter 
grazing on limited areas. They may also be due to 
a daily disturbance as was shown in the ‘strip folding’ 
system. Under this system of management the 
animals show definite signs of appreciating that a 
fresh supply of grass will be offered later in the 
morning and delay their main grazing period up to 
six hours later than it would occur under undisturbed 
conditions. 

Studies of behaviour during the past three years 
have been used at the Grassland Research Station 
for improving the accuracy of results in live-weight- 
increase experiments where bullocks are weighed 
straight from pasture. A knowledge of their behaviour 
pattern makes it possible to remove the bullocks 
from pasture for weighing when the ‘fill’ of grass 
in the rumen is approximately the same at each 
weighing. 


390 
HAEMOGLOBIN IN FUNGI 


Occurrence of Hemoglobin in Yeast and the 
supposed Stabilization of the Oxygenated 
Cytochrome Oxidase 


T an early stage of the work on the components 

of cytochrome’, special experiments were de- 

vised for the study of the absorption spectra of these 

pigments in the presence of hemoglobin or myo- 

globin. This was found necessary for the proper 

understanding of the absorption spectra of cells and 
tissues where these pigments may co-exist. 

Spectroscopic study of yeast cells in presence of added 
exogenous lobin. For this purpose a few drops 
of dilute laked blood or hemoglobin are added to a 
suspension of baker’s yeast and the mixture is 
examined in the usual way with a low-dispersion 
microspectroscope, or hand spectroscope. The 
amount of blood added should give a concentration 
at which the distinct bands of oxyhemoglobin are 
replaced, on deoxygenation, by the diffuse and faint 
band of hemoglobin. Sharp absorption bands are 
shown by cytochrome only in the reduced state, and 
by hemoglobin only in the oxygenated state. Thus, 
when air is passed through such a mixture the four 
bands of the reduced cytochrome disappear and are 
replaced by the two bands of oxyhemoglobin. When 
aeration is interrupted and the oxygen of the sus- 
pension is used up in the respiration of the yeast, the 
sharp absorption bands of reduced cytochrome 
reappear while the two distinct bands of oxyhemo- 
globin are replaced by the faint band of hemoglobin 
which does not mask the absorption bands of 
cytochrome. 

On the addition of cyanide to an aerated yeast 
suspension containing hemoglobin, the bands of 
reduced cytochrome can be seen side-by-side with 
those of oxyhemoglobin. Cyanide, by inhibiting the 
reoxidation of the reduced components of cytochrome, 
prevents the utilization of oxygen in yeast respiration 
and thus protects oxyhemoglobin from deoxygena- 
tion. Under these conditions the a-band of oxy- 
hemoglobin, which lies at about 577 my between 
bands a and b of cytochrome, appears as a narrow 
but distinct band, whereas the $-band, which lies at 
about 542 muy, is seen as a diffuse absorption between 
cytochrome bands ¢ and d. 

For the same reason the addition of cyanide 
enables the absorption bands of oxymyoglobin to be 
seen together with the bands of reduced cytochrome 
in @ slice of perfused pigeon-breast muscle, which 
normally, owing to its high respiratory activity and 
the difficulty in arranging efficient aeration, has its 
myoglobin in the deoxygenated state and therefore 
not easily recognizable. The difficulty in the aeration 
of such a compact tissue can be temporarily over- 
come by the addition of a little hydrogen peroxide 
which, being decomposed by catalase in the muscle 
tissue, liberates within the slice a sufficient quantity 
of molecular oxygen for the oxidation of cytochrome 
and oxygenation of myoglobin’. 

It was the failure on the part of MacMunn to recog- 
nize the presence of hemoglobin (myoglobin) in the 
perfused pigeon’s breast muscle and his wrong assump- 
tion that myohzmatin is the sole colouring matter of 
this tissue that gave rise to the polemical] discussion 
between him and Hoppe-Seyler. This unfortunate 


discussion was ultimately responsible for the complete 
disappearance of myo- or histohematin from scientific 
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literature and for the delay of more than forty years 
in the recognition of the fundamental importance of 
hematin compounds in the catalysis of intracellular 
respiration’. 

The spectroscopic study of yeast in presence of 
added or exogenous hemoglobin summarized above 
will be referred to later in the interpretation of 
absorption bands which, in addition to those of 
cytochrome, may occur in cells of certain micro- 
organisms. 

The absorption band at 583 mu and Warburg’s theory 
of stabilization of an oxygenated ‘respiratory ferment’ or 
cytochrome oxidase. To Warburg and Haas? we owe 
an interesting observation that a thick suspension of 
baker’s yeast, deprived so far as possible of meta- 
bolites and saturated with oxygen, reveals the 
presence of a weak but sharp absorption band in the 
yellow region of the spectrum at about 583 mu. As 
soon as the current of oxygen is interrupted, this 
band disappears and is replaced by those of the 
reduced components of cytochrome. However, if 
cyanide is added to the yeast suspension saturated 
with oxygen, the band at 583 my persists and can be 
seen at its full strength side by side with the bands 
of reduced cytochrome. In the presence of carbon 
monoxide the band in the yellow region disappears 
and, according to Warburg and Haas’, is replaced by 
a diffuse band lying between 590 and 600 my, where 
it can be detected photoelectrically. 

As to the nature of the compound responsible for 
the band at 583 my, Warburg? put forward the view 
that it is the oxygenated ferrous complex of the 
‘respiratory ferment’. This view, according to him, 
is supported by their findings (1) that this band lies 
within the region of the spectrum where the a-band 
of the ‘respiratory ferment’ should be present, (2) that 
the ‘reduction’ of this oxygenated complex like that 
of the oxidized ‘respiratory ferment’ is prevented by 
cyanide, and (3) that in the presence of carbon 
monoxide the band at 583 my appears to be shifted 
towards the red end of the spectrum into the region 
(590-600 my) occupied by the a-band of the photo- 
chemical absorption spectrum obtained by Kubowitz 
and Haas* for the carbon monoxide compound of the 
‘respiratory ferment’ of Torula utilis and Acetobacter 
pasteurianum. This study led Warburg? to the con- 
clusion that the primary reaction in aerobic or 
‘oxygen respiration’ is the formation of the addition 
product between oxygen and the ferrous atom of the 
‘respiratory ferment’ and that the oxygenated ferrous 
‘respiratory ferment’ varies in the degree of its 
stability in different cells. In yeast cells he concludes 
that it is comparatively stable and therefore sus- 
ceptible to direct spectroscopic observation (band at 
583 my), whereas in Acetobacter the oxygenated 
ferrous complex is not visible because the iron 
within this complex rapidly oxidizes to the trivalent 
state. 

The observations summarized above and Warburg's 
far-reaching conclusions attracted the attention of 
several workers who have discussed them in their 
papers, reviews and books. Thus Shibata and Tamiya 
and their co-workers*-*, in agreement with Warburg’s 
view, postulated that the first reaction of the ferrous 
‘respiratory ferment’ consists in the formation of an 
addition complex with molecular oxygen. However, 
whereas according to Warburg the divalent iron 
within this oxygenated complex undergoes a more or 
less rapid oxidation to the trivalent state, according 
to the Japanese workers the iron, as in oxyhemo- 
globin, always remains divalent, and the oxygen 
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FROST, Arthur A., and PEARSON, Ralph G. Kinetics and Mechanism : 
a Study of Homogeneous Chemical Reactions. Med. 8vo. Pp. vii+343. 
(New York : _ Wiley and Sons, Inc.; London : Chapman and Hall, 
Led., 1953.) 48s. net.* 

GARSIDE, James E., and PHILIPPS, R. F. te ee of Pure and Applied 

Intermediate Science 


Series.) Cr. Pp. ix+1044+8 
plates. (London : Sir Isaac Pitman and Sons, ise. 983: )  25s.* 
P'HOLNESS, Inorganic Qualitative 3 imicro Apparatus 
and Fatigue Cr. Svo. Pp. iv+20. (London : Sir tenec Pitanen and Sons, 

INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY. 
Proceedings of oy + ements Congress on Analytical istry, Oxford, 
England, 4th to 9th September 1982, us prs a the patronage of the Inter- 
ane Union of Pure and Applied Chemistry. (Published for the Inter- 
national Congress on Analytical Chemistry and the Society of Public 
Analysts and other Chemists.) Sup. Roy. 8vo. Pp. xii+493. 
(Cambridge : W. Heffer and Sons, Ltd., 1953.) P ioe cat. 

RAD! Starch and its 


LEY, J. A. s on Applied 
istry, Vol. 11.) Third edition, 


Demy 8vo. Pp. 


Chemi revised. Vol. 
xi+510. (London : Chapman and Hall, Ltd., 1953.) ee 


WHISTLER, Roy Lester, and SMART, Charles" Louis. ie emg hg 
Chemistry. Med. 8vo. Pp. xv+493. (New York : Academic Press, Inc. 
London : Academic Books, Led., 1953.) 10.80 dollars.* 


Technology 


CAZAUD, R. yo agg ne Wastes ty A. 5. fone Roy. 
Pp. xiv+334+19 plates. (London: Chapman and Hall, Ltd. 

s. net.* 

COOK, J. Gordon. Sheer Magic : met gy ee pte (Spotlight 
on Science a Cr. Bvo. Pp. 79. (Guildford : Merrow Publish- 


y. Bvo. 
1953.) 


ing Co., Ltd., 1953.) 2s. net. 
ALLADAY, Arthur wr (etic sa, ). British Journal Photographic Almanac 
and Photographer — Cr. 8vo. Ay 608 + 32 plates, 
(London : Henry bam .» 1953.) 7s. 6d |. net.* 

DALZELL, J. Moir. Reonatbeee yy raphy. Second edition, 


revised and enlarged by E. F. Linssen. 4 xvi +240+9 plates, 
‘on Hill : Technical Press, Ltd., 1953.) a éd. net.* 

YT,S.L. Metal Data. Revised edition. Sup. _ “ry Pp. xiv+526, 
(New York : a es Corporation ; : Chapman and 
-—" a 1952.) 8; 

ITUTE OF METALS. Equipment for the Thermal Treatment of 
Now: hl Metals and Alloys : a Symposium on Metallurgical Aspects of 
the Subject, held in London on the of the An jeetin, 
of the Institute, 26 March 1952. ( 





Monograph and Report Series, No. | 4. 
Demy 4to. Pp. 104. (London : Institute of ae, © iy ma 15s.* 
SMITH, R. A. N. The Loop im : 2 Practical Man for Teachers, ea apere 
Coaches, Research Workers, and Managers in dst. Cr, 8vo. Pp. 
v+109. (London : Caren | Affairs, Led., 1953.) we 
Astronomy 
BLEWITT, Mary. Celestial Navi r Yachts (A Yachting 
World Publication.) Cr. Evo. % re (London : Iliffe and Sons, Ltd., 


1953.) 5s. net.* 

LYTTLETON, R. A. The Comets and their ay Demy 8vo. Pp. x+ 
173+13 plates. (Cambridge : At the University Press, 1953.) 25s. net.* 

TRUMPLER, Robert J., and WEAVER, nat F. Statistical Astronomy. 
Sup. Roy. 8vo. ee Cones ee Angeles : University of 
California Press ; Cambridge University Press, 1953.) 7.50 
dollars.* 

Geography : Travel 

BULIARD, Roger P. Inuk. Demy 8vo. Pp. vii-+-338+8 plates. 
Macmillan and Co., Ltd., 1953.) Jie. net. 

COYSH, A. W., and "TOMLINSON, M North America. (Modern 
Geography, Book 4) es ao. Ex. _ “8vo. Pp. viii+ 195. (London : 
University Tutorial Press, L' 953.) Ss. éd. 

UGLAS, Wm. Orville pee the High Himalayas. Ex. Cr. 8vo. 

. (London : Victor Gollancz, Ltd., 1983.) lés. net. 

GARDNER, E. G. Florence and its Story. (Medimval Towns Sates.) 
Revised (twelfth) edition. Fcap. 8vo. fe 9 enone plates. (London 
]. M. Dent and Sons, Ltd., 1953) ICs. 6 

yeahs 3 Laurence. Eomoer. (Re; Seen Books Series.) Demy 8vo. 
Pp. xv+187. (London: Robert Hale, Ltd., 1953.) 18s. net. 

MOULD, DDC. Pochine West-over Sea: an Account of Life in the 
Outer Hebrides set against the Legendary and Historical Background. 


(London : 


Cr. 8vo. "s vii+296+7 plates. (Edi wat Me and : Oliver and 
oud, phate big aw BL. — net. 
Morocco To-day. Demy 8vo. Pp.278. (London : 
Ms naty Hale, itd. 1. 1953.) 18s. net. 
OGRIZE K, Doré (edited y ied Spain and Portugal. (The World in Colour 
teiag — 8vo. Pp. 484. (London: McGraw-Hill Publishing Co., 


53.) 
SMYTHIES, Olive. _ er Lady L: Rouen in the Indian Jungle. Demy 
8vo. Pp. xi+230+12 : William Heinemann, Ltd., 1953.) 


18s. net. 

SOMMER, Frangois. Man and Beast in Africa. Translated from the 
French by Edward FitzGerald. Med. 8vo. Pp. 206. (London: Herbert 
Jenkins, Led., 1953.) 30s. net. 

STAMP, “td Dudley. Our Undeveloped World. Demy 8vo. Pp. |87. 
(London : Faber and Faber, Ltd., 1953.) 18s. net.* 

YOUNG, N. en and its Story. (Medissval Towns Series.) Revised 
edition by P. Fcap. 8vo. Pp. xi+306+3 plates. (London: 
j. M. BA may Ltd., 1953.) 10s. 6d. net. 


General Biology : Natural History 
Botany : Zoology 


COUSTEAU, J. Y.. with DUMAS, Frédéric. The Silent World. Med. 
8vo. Pr. xi+148+65 plates. (London: Hamish Hamilton, Ltd., 1953.) 
18s. ne 

COWDRY, E. V. Laboratory Technique in d cain = Ara Medicine. Third 
edition. Med. 8vo. Pp. xxxi+382. (London : Bailliére, Tindall and Cox, 
Led., 1952.) 35s.* 

DICE, Lee R. Natural Communities. Sup. Roy. 8vo. Pp. xi+547. 
(Ann Arbor : University of Michigan Press ; London : Oxford University 
fren, 1952.) 45s. net.* 

FY, E. A. J. A Monograph of the Immature Stages of British and 
cnet Timber Beetles (Cerambycids). Cr. 4to. Pp. viii +350+8 plates. 
(London : British Museum (Natural History), 1953.) 84s.* 
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FILDES, Sir Paul, and VAN HEYNINGEN, W. E. (edited by). The Nature 
of Virus Multiplication : Second Symposium of the Society for General 
Microbiology held at Oxford University, April 1952. Roy. Bvo. Pp. xi+ 
320+2! plates. (Cambridge: At the University Press, | 53.) 35s. net.* 

FULLER, Harry J. The Plant World. Revised edition. Demy 8vo. 
Pp. xiv+769. (London: George G. Harrap and Con Led., 1952.) 30s. 


net.* 

GOOD, Ronald. The Geography of the Flowering Plants. Second 
edition. Roy. 8vo. . xiv+452+25 pi (London, New York and 
Toronto : Longmans, Green and Co., Ltd. a 50s. net.* 

GROVE, A. }., and NEWELL, G. z Animal Biology. Fourth edition. 
peoy Set it, 2 e+e plates. (London: University Tutorial 
Press, Lt 

JOHNSON, AM Fin <= ABERCROMBIE, Michael (edited by). New 
Biology, 4. Small Cr.8vo. Pp. 128+14 plates. (Harmondsworth : Penguin 
Books, Ltd., 1953.) 2s.* 

KRIEG, Hans. Als Zoologe in Pago und Wildern Patagoniens. 
Zweite Aufl Demy 8vo. P- 194+40 plates. (Miinchen : Bayerischer 
lestetrenst ye G.m.b.H. iD 14.80 D. marks.* 

LOWSON, J. M. Textbook of Botany. Revised and largely rewritten 
by W. O. Howarth and L. G. G. Warne. Tenth edition. Demy 8vo. Pp. 
w+ 590++8 plates. (London: University Tutorial Press, Ltd., 1953.) 


MOODY, Paul Amos. Introduction te Evoluti Med. 8vo. Pp. xiii+ 
475. (New York: Harper and Brothers; London: Hamish Hamilton 
Led., 1953.) 48s.* 

SNODGRASS, R. E. A Textbook of Arthropod Anatomy. Med. 8vo. 
Pp. ix+363. (Ithaca, N.Y. : Comstock Publishing Associates ; London : 
Constable and Co., Ltd., 1952.) 48s. net.* 

WESTENHOFER, Max. Le probléme de la genése de I’homme. Con- 
densé et annoté par S. Frechkop. Fcap. 8vo. oo 52+4 plates. (Bruxelles : 
Editions de |'Office de Publicité S.A., "i983, ) 50 francs, 

WORRELL, Eric a and illustrated by). Dangerous Snakes of 
Australia: a Handbook for Bush s, Mission Workers, 
Servicemen, Boy Scouts, New Australians, and Naturalists on the Identifica- 
tion and Venoms of Australian Snakes, with Directions for First-Aid Treat- 
ment of Snake-Bite. Cr. — ta 64. (Sydney and London : Angus and 
Robertson, Ltd., n.d.). 10s. 6d. 








Agriculture : Dairying : Horticulture : Forestry 


BECK, ae oe : a Gardener's Introduction to the Genus 
Fritillaria. Roy. 8vo. Pp. 96. (London: Faber and Faber, Led., 1953.) 


30s, net. 

BEDDALL, John Leslie. Colour Hedges. Cr. —. Pp. 96+-4 plates. 
(London : Faber and Faber, Ltd., 1953.) 7s. 6d. ni 

FARRALL, Arthur W. Dairy Engineering. Second edition. Med. 8vo. 
Pp. xvii+477. (New York: John Wiley and Sons, inc.; London: Chap- 
man and Hall, Ltd., 1593.) 48s. net.* 

FLETCHER, H. LV. Gardening on a Shoestring : the Pleasures of Plant 
eteagitien. Cr. 8vo. Pp. 186. (London: Phoenix House, Ltd., 1953.) 

. net. 

FRANKLIN, Thomas 4° British Grasslands: from the Earliest 
Times to the Present Day. Demy 8vo. Pp. 173+16 plates. (London: 
Faber and Faber, Ltd., 1953.) 2is. net. 

HAMILTON, Thomas, 6th Earl of Haddington. Forest Trees: some 
Directions about raising Forest Trees. Edited by M. L. Anderson. Paul 
8vo. Pp. xlii+96. (London and Edinburgh : Thomas Nelson and Sons, 
HANDLEY. Foes Et ‘ Soontieh Bs Farmi th Fe hy a Coe 

" ing in the . teenth tury. 
Demy 8vo. Pp. 7 (London : ond Faber it 1953.) 25s. net. 
HITCHINS, P. E.N. Grow Tomatoes in in your ‘Gare ‘den. a Bvo. Pp. 
102+8 plates. (London: Ernest Benn, Ltd., 1953.) 4s. 6d. net. 

JANES, Edwin R. Sweet Peas: 2 Complete Guide > their Culture. 
Cr. 8vo. Pp. 192. (London : Ward, Lock and Co., Led., 1953.) 15s. net. 
MALHERBE, |. de V. Soil Fertility. Third English mh Demy 8vo 
= xi+304+11 plates. (London: Oxford University Press, 1953.) 25s. 


"NICHOLSON, H. H. The Principles of Field Drainage. Second edition. 


Demy 8vo. Pp. xiit+164+12 plates. (Cambridge: At the University 
Press, 1953.) 18s. net. 

SHOEMAKER, sees Sheldon. Vegetable Growing. Second edition. 
Demy 8vo. Pp. vii+515. (New York: John Wiley and Sons, Inc. ; 


London : Chapman and Hall, a 5 48s. net.* 


SYMONS. JEUNE, Bertram H. Phiox : a Flower Monograph. Demy 
8vo, Pp. 127. (London and ae Wm. Collins, Sons and Co., Ltd., 
1983.) Mas. 6d. net. 


Anatomy : Physiology 


COLD SPRING HARBOR. Symposia on Quantitative Biology, Vol. 17 : 
Neuron. Post 4to. Pp. xiv+323. (Cold a Revver, Li, 

N.Y. : Long Island Biological Association, 1952.) 8 do 

DIAMOND, Moses. Dental Anatomy : including dollars of the Head 
and Neck. Third edition. Cr.4to. Pp. xiv+472+32 _oo (New York : 
by apes Company; London: Macmillan and Co., Ltd., 1952.) 

FRAZER’: B Manual of Embryology. Third edition, by J. 
= s Bre, Pp. x+488. (London : Baillitre, Tindall and Cox, 5! ores) 


“LNDERSTROM- LANG, Kaj Ulrik. Lane Medical Lectures: Proteins 
and Enzymes. (Stanford University blications : University Series, 
Medical Sciences, Vol. 6.) Med. 8vo. Pp. ix+115, (Stanford, Calif. : 
Hey University Press ; London : Cambridge University Press, 1952.) 


» o§ Samuel, and LEVINE, Rachmiel. Carbohydrate Metabolism : 
Correlation of Physiological, Biochemical and Clinical Aspects. (University 
cago C i in Biology and Medicine.) Revised 
edition. Sup. Roy. 8v0.. Pp. x+346. (Chicago : eivenmay: of Chicago 
Press ; London : Cambridge University Press, at. 1) 

LLIS, James L. (edited by) Cells and Plasma ed their 
State in Nature. (Memoirs te 7. eae Laboratory of Physical Shemle. 
try related to Medicine and tog B Health, Harvard University, No: - 2.) 
Med. 8vo. Pp. xxi+436. (New Academic Press,-Inc. ; London : 
Academic Boots, L Led., 1953.) 8. 50 Gotiare.® 





Supplement to NATURE of August 29, 1953 


Anthropology : Archzology 


BRAIDWOOD, Linda. Digging Beyond the Tigris : an American Woman 
Archeologist’s Story of Life on a ‘Dig’ in the Kurdish Hills of Iraq. Demy 
8vo. Pp. xii +297 +50 plates. (New York: Henry Schuman, Inc., 1953.) 
4.50 dollars.* 

GARSTANG, John. Prehistoric Mersin: YGmiil Tepe in Southern 
Turkey. (The Neilson Expedition in Cilicia.) Med. 4to. Pp. xviii+271+ 
33 plates. (Oxford: Clarendon Press; London: Oxford University 
Press, 1953.) 63s. net. 

a A. L. The Nature of Culture. Sup. Roy. 8vo. Pp. x+438. 
(Chi University of Chicago Press ; London : Cambridge University 
vrem 952.) 49s. net.* 

WALD, Felix. Excavation of a Traverse of Margidunum. Roy. 8vo. 
Prod 48 (19 plates). a9 wy ag The University, 1952.) 7s. 6d.* 

RADCLIFFE-BROWN, A. Structure and Function in Primitive Society: 
Essays and Addresses. Demy 8vo. Pp. 219. (London : Cohen and West, 
Led., 1953.) 2s. net. 


Philosophy : Psychology 


BONPENSIERE, Luigi. New Pathways to Piano Technique: a Study of 
the —— between Mind and Body with Special Reference to Piano 
Playi Demy 8vo. Pp. xxiiit+128. (New York: Philosophical Library, 
ton 1953.) 4.75 dollars.* 

FRANCE-H a Annie. Die Letzte Chance fiir eine Zukunft “— 
Not. Demy 8vo. Pp. 692. (Miinchen : Bayerischer Landwirtschaftsveri: 
G.m.b.H., 1950)" 14.80 D. marks.* 

KANT, Imman: a to any Future Metaphysics that will be 
able to Present Itself as a Science. A translation from the German based on 
the original editions, with an  moiagy ae and Notes by Peter G. Lucas. 
(Phi ice Classics.) Cr. Pp. xlii+156. (Manchester: Man- 
chester University Press, 1953.) “Cloth, 12s. 6d. net ; paper, 10s. 6d. net.* 

LeCRON, Leslie M. (edited by). Experimental Hypnosis : a Symposium 
of Articles on Research by many $ the World's Leading Authorities. Med. 
8vo. Pp. +484. (New York: The Macmillan pany ; London: 
Macmillan and Co., Led., 1952.) 45s. net. 

O'CONNOR, William A. Psychology Without Tears: a Simple yet 
Fundamental Introduction into the Heart of Modern Psy , including 
want Cr. 8vo. Pp. vi+220. (London: Rider and Co., 1953.) 12s. 6d. 


*ERON, Henri, FESSARD, Alfred, et FRAISSE, Paul (directeurs). 
L’Année psychologique. Cinquanté-deuxiéme année, 1952. a. 8vo. 
Fascicule |. Pp. viii+-324. Fascicule2. Pp. viii+325-692. (Paris: Presses 
universitaires de France, 1952.)* 

DO} Edward (edited by). Encyclopedia of Aberrations: a 
Psychiatric Handbook. Med.8vo. Pp.ix+550. (New York : Philosophical 
Library, Inc., 1953.) 10 dollars.* 

POLLACK, Luby. Your Normal Mind: its Tricks and Quirks. Demy 
8vo. Pp. xiv+225. (London: Rider and Co., 1953.) 16s. net.* 

REISS, Samuel. The Universe of Meanin: ng. Demy 8vo. PP xi+227. 
= York : Philosophical Library, Inc., 1953.) 3.75 dollars. 

SENN, Milton J. E. (edited by). Problems of Infancy nw Childhood : 
Transactions of the Sixth Conference, March 17 and 18, 1952, New York. 
Med. 8vo. Pp. 160. (New York: Josiah Macy jr. Foundation, 1953.) 


2.50 -—, 
STRAUSS, Leo. The Political Philosophy of Hobbes: its Basis and its 


Genesis. Translated from the German manuscript by Elsa M. pene a 


Demy 8vo. Pp. 172. (Chicago: University of Chicago Press ; 
Cambridge University Press, 1953.) 30s. net. 
Bacteriology : Medicine : Hygiene 


GREENSTEIN, Jesse P., and HADDOW, Alexander (edited by). > 
vances in Cancer Research. Vol. 1. Med. 8vo. Pp. xi+590. (New Yor! 
Academic Press, Inc. ; London : Academic Books, Ltd., 1953. ‘ 12 “olters.* 


Miscellany 


BAILLIE, John, BOYD, Robert, MACKAY, Donald, and SPANNER, 
Douglas. Science and Faith To-day. Cr. 8vo. Pp. 60. (London: Lutter- 
em Press, 1953.) 3s. net.* > 

B. . R. Lecture Notes on the Use of the Microscope. 
Pp. vii+76. (Oxford: Blackwell Scientific Publications, Ltd., 

* 


net. 

BEER, G. R. de. Sir Hans Sloane and the British Museum. 

for the Trustees of Aw British Museum.) Demy 8vo. Pp. 192+ 
net.* 


Cr. 8vo. 
1953.) 6s. 
(Published 
It plates. 


(London : wanes niversity Press, 1953.) 18s. 
CLEGG, H. pee CHESTER, T. E. The Future of Nation alization. 
Cr. 8vo. Pp. i an rd: Basil Blackwell, 1953.) 12s. 6d. net.* 


(Oxfo 

COUNCIL OF ACIENTIFIC AND INDUSTRIAL RESEARCH, INDIA. 
The Wealth of India: a Dictionary of Indian Raw Materials and Industrial 
Products. Raw Materials, Vol. 3: D-—E (with Index to Vols. !-3). Med. 
4to. Pp. xx+236+xxx+22 plates. (New Delhi : Council for Scientific 

and Industrial Research, 1952.) 18 rupees.* 

HEIM, Karl. Christian Faith and Natural Science. Translated by Neville 
Horton Smith. Demy 8vo. Pp. 256. (London: S.C.M. Press, Ltd., 1953.) 


2\Is. net.* 
HEIM, Karl. The Transformation of the Scientific World View. con. 


lated by Rev. W. A. Whitehouse. Demy 8vo. Pp. 262. (London : 
Press, Ltd., 1953.) 2!s. net.* 

HURSTFIELD, }. The Control of Raw Materials. (History of the Second 
World War: United Kingdom Civil Series.) Roy. 8vo. ay ale 
(London : H.M. Stationery Office, and Longmans, Green and Co., Ltd. 
1953.) 35s. net.* 

JOHNSON, Raynor C. The Imprisoned Splendour: an Approach to 

eality based upon the Significance of Data drawn from the Fields of Natural 
y pone Psychical Research and Mystical Experience. Med. 8vo. Pp. 424. 
(Lon: Hodder and Stoughton, Li Ltd., 1953.) 25s. net.* 

PARSEN, Egon. An American in Europe : the Life of Benjamin Thomp- 
a o— Se a = Demy 8vo. Pp. 224+28 plates. (London: Rider 

ceR, ED Pp. 248+9 plates. 


PARKER, Eric. Sart Anthology. Demy 8vo. 
(London : 


Museum Press, Ltd., 1952.) 16s. net.* 
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Special hard porcelain for chemical and scientific use 
has been produced by Royal Doulton for over 30 years. 
It combines the following advantages: 

@ Excellent resistance to high temperatures and 
to thermal shock caused by temperature 
fluctuations. 

@ The glaze, which is perfectly married to the 
body of the ware, withstands the strain of 
heating up and cooling down. 

@ The use of first quality raw materials gives 
the finished product high resistance to 
chemical attack. 

@ The raw materials are carefully selected to 
ensure freedom from iron contamination. 

@ High mechanical strength is apparent even in 
the thin-walled articles normally used in 
laboratory practice. 


Write for further details to Doulton & Co. Limited, 


Industrial Ceramics Division, Dept.C, Doulton House, 
Albert Embankment, London, S.E.1. 


<Koyat 
DO OS Oe OD. 


LABORATORY PORCELAIN 
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The Hall Mark of a 











PRIOR MICROSCOPES 


FOR 


EDUCATION and INDUSTRY 
Sa 


Current Production Programme Includes 
HIGH POWER BINOCULARS 
STEREOSCOPIC BINOCULARS 

STUDENTS’ AND LABORATORY MODELS 
INVERTED MICROSCOPES 
BENCH METALLURGICAL MICROSCOPES 


APOCHROMATIC AND FLUORITE 
OBJECTIVES 


COMPENSATING EYEPIECES 
CORRECTED CONDENSERS 
MICROSCOPE LAMPS 


Literature gladly sent on request 


W. R. PRIOR & CO. LTD. 


NORTHGATE END, BISHOP’S STORTFORD 
HERTFORDSHIRE 








sa ct 











KERFOOTS 


BACTERIOLOGICAL 
SUGARS 





Biochemical Reagents of exceptional quality. Prepared by 
methods which have been found by experience to ensure the 
highest possible degree of chemical purity and physical 


° 

° 

uniformity. : 
D (—) Arabinose Maltose ° 
L (+) Arabinose Mannitol “4 
Cellobiose D (+) Mannose “ 
Dextrine Raffinose ° 
D (+) Dextrose L (+) Rhamnose - 
Dulcitol . Saccharose = 
D (+) Galactose Salicin . 
Inositol Sorbitol . 
Inulin L (=) Sorbose ° 
Lactose Trehalose : 
D (—) Laevulose D (+) Xylose : 
. 


Sugars and bacteria” is » booklet 
describing some of the uses of Kerfoots 
Bacteriological Sugars and Biochemical 
Reagents —— fre om 


SOHHSSSSOSSSSSESSHSSHSSHSSSSESSHSSESESSSOSSSHSHSES ESSE 


THOMAS KERFOOT & CO. LTD. 


VALE OF BARD WORKS - LANCASHIRE 
KERFOOT ¥ mpcaned 





®.62. 
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| Water fe Aol SS chek 








Sanat; 








For the control of electrically heated 
distillation apparatus, etc. 
@ Minimum resistance to flow. 
@ Flow rates up to 5 litres/min. without by-pass 
@ Switching capacity up to 10 amps. 
@ Single or double pole. 


THE 


—Linguowth 


SCIENTIFIC INSTRUMENT CO. LTD. 
THAMES STREET, ABINGDON, BERKS. 




















Thermometers... 


hydrometers... 


SCIENTIFIC INSTRUMENTS 
Made to I\P., B.S.S., S.T.P.T.C. & AS.T.M. specification. 


Si | 








NPL. Certificates if required 


RIAN ES Dhl RN NE Tool RENEE AN AS CE BE 





me Cc on 
Liberty Ox 1888 
2283-6 =. 7601 Seuphone 


G. H. ZEAL Lr. 


LOMBARD RD., MERTON, LONDON, S.W.19 

















The Complete 


ISOTOPE RANGE 


of Standard 


NUGLEONIC 
a 


SCINTILLATION 
COUNTER HEAD 
TYPE No. 653 


SCALER 
TYPE No. 500 


PRESCALER 
TYPE No. 501 


WIDE BAND 
AMPLIFIER & 
DISCRIMINATOR 
TYPE No. 652 


E.H.T. 
SUPPLY UNIT 
TYPE No. 532 


RATEMETER 
TYPE No. 550 


fy QUENCH 
#, AMPLIFIER UNIT 
| TYPE No. 660 























All Isotope units are designed in standard rack 
panels and can be supplied in cabinets or with 
dust covers for extended rack mounting. 





LONDON 


120 MOORGATE E.C.2 
Telephone: METropolitan 9641 (5 lines) 
Midland Agent: HAWNT & CO. LTD., 59 MOOR ST., BIRMINGHAM, 4 


A. M. LOCK & CO. LTD., CROMPTON STREET, 
GHADDERTON, OLDHAM, LANCS. 


Northern Agent: 
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PHILIPS Electron Microscope 


®@ Acceleration voltage up to 100 kV. 

@ Magnification range continuously 
variable between 1,000 and 
diameters. 

®@ Photographic enlargement up to 150,000 
diameters. 

® Stereo-micrographs obtainable. 

®@ Special self-sealing airlock for speci- 
men holder. 

@ Film camera for obtaining micrographs. 

@ Focusing device and quick electronic 
alignment. 

@ Apertures adjustable and removable 
for cleaning without dismantling. 

@ Large final image screen of 8-in. 
diameter. 

®@ Microscope tube not sensitive to 
vibration. 

©@ No special foundations required. 

@ Suitable to work in any climate and at 
any altitude. 


@ PHILIPS ELECTRICAL sere: rin csminrn 








LIMITED | fabrieken, Eindhoven, Holland 


OF INDUSTRIAL X-RAY EQUIPMENT - ELECTRONIC APPARATUS LAMPS & LIGHTING EQUIPMENT . ARC & RESISTANCE 
“WELDING PLANT & ELECTRODES . SOUND AMPLIFYING INSTALLATIONS . MAGNETIC FILTERS ve BATTERY CHARGERS & RECTIFIERS 





X-RAY DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 (xB.702A4) 
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taken up by the ferment is transferred to ferrocyto- 
chrome oxidase which becomes oxidized to ferri- 
cytochrome oxidase. The theory of the non-identity 
of the ‘respiratory ferment’ and cytochrome oxidase 
led them to postulate that the inhibitions of respira- 
tion by carbon monoxide and by cyanide are due to 
the combination of carbon monoxide with the divalent 
iron of the respiratory ferment and of cyanide with 
the trivalent iron of cytochrome oxidase. This theory, 
which ascribes to the ‘respiratory férment’ the 
property of oxygenation very similar to that of 
hemoglobin, has been previously examined and found 
unacceptable®. 

Warburg and Haas’s* observations and Warburg’s 
theory’ of a stabilized oxygenated ‘respiratory 
ferment’ were also discussed and accepted by Oppen- 
heimer and Stern'® and by Stern’, who found in 
these observations direct evidence for the formation 
of an oxygenated intermediate complex in all cases 
of oxidation by molecular oxygen of a ferrous to a 
ferric compound. In this sense an oxygenated ferrous 
cytochrome oxidase was also considered by Lemberg 
and Legge'* when they discussed the mechanism of 
the catalytic activity of this enzyme. However, the 
real interest of this problem lies not in any very 
short-lived and thus undetectable oxygenated inter- 
mediate, the existence of which may be postulated 
on purely theoretical ground in all oxidation reactions 
involving molecular oxygen, but in Warburg’s theory 
of stabilization of such an intermediate based upon 
direct spectroscopic observations of baker’s yeast. 

Occurrence of the absorption band at 583 mp in 
baker’s yeast. Of the numerous samples of com- 
mercial baker’s yeast which I have examined spectro- 
scopically at different times, only two samples, one 
obtained in 1936 and the other in 1940, revealed the 
presence of a weak absorption band between 580 and 
585 mu, and with these two samples I was able to 
confirm the main observations of Warburg and 
Haas*. The facts that the band at about 583 my is 
visible only during very strong aeration, and that it 
disappears when aeration is interrupted or when the 
yeast suspension is treated with carbon monoxide, 
indicate that the compound responsible for this band 
is in a ferrous oxygenated state. The band at 583 my 
can be observed even in a moderately aerated sus- 
pension provided it is kept at about 0° C. or treated 
with ethyl urethane. In the latter case this band is 
visible together with the band b of cytochrome. In 
yeast suspensions treated with cyanide the band at 
683 mu. remains visible in the presence of the bands 
of reduced cytochrome but disappears on treating 
this suspension with carbon monoxide. Finally, in 
an aerated suspension treated with carbon monoxide 
the disappearance of the band at 583 my, as will be 
shown, is not directly connected with the appearance 
of a faint band between 590 and 600 mu. a 

Critical examination of the theory of stabilization of 
an oxygenated ‘respiratory ferment’ or cytochrome 
oxidase. Study of the data so far available concerning 
the band at 583 my does not support the theory put 
forward by Warburg that this band belongs to an 
oxygenated intermediate complex of the ‘respiratory 
ferment’ or cytochrome oxidase. On the contrary, 
there is strong evidence in favour of the view that 
the compound responsible for this band is distinct 
from cytochrome oxidase. This evidence can be 
summarized as follows. 

(1) The band at 583 my does not belong to a 
compound which has an important function in 
cellular respiration, since this band has been detected 
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in very few strains of yeast and so far has not been 
observed in the highly respiring cells of Torula utilis, 
Bacillus subtilis, Azotobacter chroococcum, several 
species of Acetobacter, or in highly active wing muscle 
of insects, or in mammalian heart muscle preparations 
which are exceptionally rich in cytochrome oxidase. 

(2) The diffuse absorption band which appears 
between 590 and 600 my when the suspension of 
yeast is treated with carbon monoxide is due to its 
combination with cytochrome oxidase (cytochrome 
a, **). It can easily be observed in cells and tissues 
which are completely devoid of the band at 583 mu. 

(3) If the band at 583 my were to belong, as was 
suggested by Warburg, to a ferrous oxygenated cyto- 
chrome oxidase complex within which the iron 
undergoes oxidation from a divalent to a trivalent 
state, cyanide, which forms a very stable compound 
with the latter, should accelerate and not slow 
down the deoxygenation of this complex and therefore 
the disappearance of this band. 

(4) The stabilization of an oxygenated cytochrome 
oxidase even for a very short period, just sufficient 
for the spectroscopic detection of this complex, would 
greatly inhibit the catalytic activity of this enzyme. 

(5) The reversible inhibition by carbon monoxide 
of the catalytic activity of cytochrome oxidase does 
not necessarily imply the existence of a stabilized 
oxygenated state of the enzyme, considering that 
carbon monoxide inhibits, in a similar manner, the 
catalytic activities of hem and hxzemochromogen 
compounds" in different oxidation reactions. The 
catalytic activity of phenol oxidases which are 
copper-protein compounds also shows a strong and 
perfectly reversible, although _light-insensitive, 
inhibition by carbon monoxide!®!®, 

Nature of the compound responsible for the absorption 
band at 583 my. The facts that this band appears 
when the yeast suspension is aerated, disappears when 
aeration is interrupted or when the suspension is 
treated with carbon monoxide, and persists together 
with the bands of reduced cytochrome in the yeast 
suspension treated with cyanide, suggest that the 
band at 583 my belongs to a ferrous oxygenated 
hemoprotein such as oxyhzemoglobin. We shall refer 
to this compound as endogenous hemoglobin, using 
here the term hemoglobin in its widest sense, namely, 
as a hemoprotein compound which in the ferrous 
state combines reversibly with molecular oxygen. In 
fact, the observations on yeast cells containing 
endogenous hemoglobin are indistinguishable from 
those carried out on yeast suspensions containing 
added extracellular or exogenous hemoglobin which 
were described in the first part of this article. How- 
ever, it may be mentioned here that the «-band of 
the endogenous oxyhzemoglobin, like that of oxy- 
myoglobin, lies nearer the red end of the spectrum 
than the a-band of blood oxyhemoglobin. Since the 
endogenous hemoglobin occurs in a very low con- 
centration, only the «-band of its oxygenated 
derivative can be clearly seen, whereas the more 
diffuse absorption spectra of deoxygenated and carbon 
monoxide derivatives are not visible. Were the 
absorption spectrum of the carbon monoxide deriva- 
tive visible, its a-band would be found in the region 
of about 575 my and not, as was suggested by War- 
burg and Haas’, between 590 and 600 muy. 

That hemoglobin, in a very low concentration, 
may occur in certain strains of baker’s yeast and not 
in others is not surprising considering that samples 
of baker’s yeast cultivated under different conditions 
may display very marked differences in their aerobic 
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and anaerobic metabolisms, their cytochrome 
systems, their enzymic equipment and many other 
properties’’-**, The unexpected occurrence of hemo- 
globin in a yeast suspension suggested in the first 
instance the possibility of its being only an accidental 
extracellular impurity. This possibility was, however, 
ruled out by the facts that the band at 583 my was 
of the same relative intensity to cytochrome bands 
throughout a fairly large specimen of pressed baker’s 
yeast, that the yeast cells were thoroughly washed in 
a large amount of water before examination, and 
that the position of this band is 60-70 A. nearer the 
red end of the spectrum than the average position 
of the a-band of blood hemoglobins. 

Although hemoglobin is found in all vertebrates, 
its apparently random distribution among other 
organisms is one of the peculiarities of this pigment. 
Thus, among the invertebrates hemoglobin occurs 
somewhat haphazardly, being either completely 
absent in all representatives of large phyla, or present 
in only a very few species of a phylum, while absent 
in all other often very closely related forms. Even 
in the same organism the hemoglobin content may 
show very great variation with the age of the 
organism or with its external conditions. The marked 
fluctuation in the hemoglobin content of Daphnia 
has recently been investigated by Fox, Hardcastle 
and Dresel*, who have shown that synthesis of 
hemoglobin is favoured by oxygen deficiency. More- 
over, @ lake plankton species of Daphnia, which 
under natural conditions has colourless blood, was 
found to synthesize hemoglobin when kept in an 
oxygen-deficient medium”. 

The occurrence of hemoglobin in yeast cells is an 
interesting addition to the range of distribution of 
this pigment, which has already “been recently 
widened by the unexpected discoveries of the pig- 
ment in Paramecium**, in Tetrahymena (Glaucoma) 
pyriformis*, and in nodules of leguminous plants*‘-*’, 
Of special interest is the occurrence of hemoglobin 
in Neurospora and Penicillium, dealt with in the 
following communication, especially since these 
moulds, like yeast (Saccharomyces), belong to the 
ascomycete fungi. 

Biological significance of non-circulating hemo- 
globin. The function of hxzmoglobin in micro- 
organisms can scarcely be discussed without con- 
sidering the more general problem of the biological 
significance of non-circulating hemoglobin in cells 
and tissues of different organisms. Although this 
problem lies outside the scope of the present article, 
a few aspects of it will be briefly examined here. 

There is now strong evidence in favour of the view 
that, at least in certain cases such as the myoglobin 
of red muscle**?* and the hemoglobin of Gastrophilus 
larva*®, the pigment may provide a temporary store 
of oxygen which enables the cell to bridge over the 
intermittent increases in demand or decreases in 
supply of oxygen. However, the mode of life of 
micro-organisms, their small size, their high respir- 
atory activity and the low concentration of hemo- 
globin they contain preclude the possibility that 
their hemoglobin may also act as a temporary store 
of oxygen. 

The fact that the high catalytic activity of cyto- 
chrome oxidase is incompatible with the existence of 
a stabilized and spectroscopically visible oxygenated 
state of this enzyme does not by itself rule out the 
possibility that compounds capable of undergoing 
both oxygenation and oxidation may occur in 
Nature. Such compounds would naturally be very 
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inefficient as either oxygen carriers or as oxidizing 


catalysts. In fact, no oxidizing catalyst can be 
obtained from hemoglobin without abolishing its 
property of oxygenation. When hemoglobin is 
denatured to yield a hemochromogen it loses its 
characteristic property of an oxygen carrier and 
becomes an active oxidizing catalyst. However, 
under certain exceptional conditions, hzemoglobin 
may acquire the properties of an oxidizing catalyst 
without pravious denaturation of the globin or 
separation of the latter from the catalytically active 
free hem. Thus, on treating red blood corpuscles 
with phenylhydroxylamine, Warburg, Kubowitz and 
Christian*! obtained methemoglobin corpuscles, the 
oxygen uptake of which, in presence of glucose, was 
increased twenty-fold when compared with that of 
untreated corpuscles. Although the catalytic activity 
of methzmoglobin involves its reversible reduction 
to hemoglobin, the latter, in the presence of oxygen, 
undergoes reoxidation to methemoglobin instead of 
oxygenation to oxyhemoglobin. According to War- 
burg and his co-workers, such unusual behaviour of 
methzemoglobin, although chemically unexplained, is 
of great importance for the theory of respiration. 
However, the study of the reactions of phenyl- 
hydroxylamine with hemoglobin and its derivatives 
offered, as we have shown*’, a good chemical explana- 
tion of the phenomena observed by Warburg et al. 
Phenylhydroxylamine was found to reduce hematin 
and methemoglobin to hem and hemoglobin, 
respectively, itself undergoing oxidation to nitroso- 
benzene. The nitrosobenzene then combines with 
hem and hemoglobin, forming well-defined corre- 
sponding nitrosobenzene compounds***, which in 
the presence of oxygen undergo oxidation to free 
hematin and methemoglobin, and in the presence 
of carbon monoxide give the carbon monoxide 
compounds of hem and hemoglobin. With oxy- 
hemoglobin phenylhydroxylamine first forms acid 
methemoglobin ; the reaction then proceeds further 
as described above. The hemoglobin, which appears 
within corpuscles on the reduction of methzmoglobin 
by dehydrogenase systems, on combining with 
nitrosobenzene present in the corpuscles becomes 
protected from oxygenation to oxyhemoglobin but 
not from reoxidation to methemoglobin or com- 
bination with carbon monoxide**, 

Discussion of the biological significance of non- 
circulating hemoglobin brings us back once more to 
the theory of the Japanese workers** concerning the 
function of the ‘respiratory ferment’ to which they 
ascribed the property of reversible oxygenation 
similar to that of hemoglobin. However, it is difficult 
to visualize the necessity for a hzmoglobin-like 
component to form a link between molecular oxygen 
and cytochrorne oxidase without making two 
assumptions, for which no evidence is as yet avail- 
able, namely: (1) that the oxygen molecule on 
dissociation from an oxygenated complex has 4 
somewhat higher oxidizing potential than ordinary 
molecular oxygen ; and (2) that cytochrome oxidase, 
although autoxidizable, reacts more readily with 
oxygen on its liberation from such a complex than 
with oxygen dissolved in the surrounding medium. 
Were these assumptions proved correct, we should 
have an explanation of the possible function of intra- 
cellular non-circulating hemoglobin, especially in 
cells where it cannot act as a temporary store of 
oxygen. 

Finally, the fact that hemoglobin may appear in 
very small and often variable concentrations in 
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certain cells does not necessarily imply that it plays 
an active part in the respiration of these cells. 
Considering that most of the cells of aerobic organisms 
are capable of synthesizing hematin compounds’, it 
is the availability of a suitable protein that probably 
governs the distribution of hemoglobin in Nature. 
Since hemoglobins of different origin may show very 
great variations in the chemical structure of their 
proteins, it is possible that within a rapidly growing 
cell synthesizing @ great variety of proteins a suitable 
protein may appear which, on combining with hem, 
also actively synthesized by the cell, would impart 
to its iron the remarkable property of combining 
reversibly with molecular oxygen. 


D. KEeILIN 


Molteno Institute, 
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Hemoglobin in*Moulds: Neurospora crassa 
and Penicillium notatum 


SPECTROSCOPIC examination of mycelia of Neuro- 
spora crassa shows that the disappearance of the 
absorption bands of reduced cytochrome in the 
presence of oxygen is accompanied by the appearance 
of two new bands lying at about 583 and 545 mu. 
Although these bands can be detected in the wild 
type of Neurospora as well as in different strains of 
this mould described by Mitchell, Mitchell and 
lissiéres', they are more prominent in their mutant 
strain 0117, The description of the compound 
responsible for these bands will therefore be based 
mainly upon the study of this strain of Neurospora 
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Mycelium collected from a culture about five days 
old is washed several times in water, being each time 
strained and pressed out through muslin. The 
material thus obtained is in the form of a compact 
felt of mycelium which, since it is not easily aerated, 
shows the absorption bands of reduced cytochrome. 
However, the felt can be saturated with oxygen by 
a method previously used for the oxygenation of 
thick slices of muscle* (see also previous communica- 
tion). A thick felt of mycelium is placed over the 
condenser of the microscope fitted with a micro- 
spectroscope ocular and compressed until it is 
translucent enough to show strong bands of reduced 
cytochrome. The mycelium is then treated with 
hydrogen peroxide which, on being decomposed by 
catalase, liberates oxygen in the form of minute 
bubbles which are kept imprisoned within the felt. 
The excess of froth is easily removed by slightly 
compressing the felt with a spatula. Under these 
conditions it can be seen that the absorption bands 
of reduced cytochrome rapidly disappear and are 
replaced by two new bands: «- 583 my and B- 545 mu. 
As the oxygen is used up, these two bands gradually 
fade while the bands of reduced cytochrome reappear. 
Partial oxygenation of the mycelium, without the 
use of hydrogen peroxide, is obtained when a thick 
felt of mycelium is quickly compressed and released. 
Cytochrome bands may then be seen to decrease in 
intensity, and sometimes even to disappear, while 
the bands at 583 and 545 my reappear. However, 
within a few seconds the absorption spectrum reverts 
to the original state, showing only the bands of 
reduced cytochrome. 

All further work on the compound responsible for 
the bands at 583 and 545 my was carried out upon 
cell-free preparations which were obtained by grinding 
the mycelium in a cold mortar with 0-5 parts of 
sand and 0-3-1 part of water and centrifuging off 
the solid residue which carries with it most of the 
cytochrome. The supernatant fluid was further 
clarified by high-speed centrifugation (15,000— 
20,000g) for a period of one to two hours in a refriger- 
ated centrifuge to give an opalescent orange-yellow 
solution, which on aeration shows the same two 
distinct absorption bands at 583 and 545 mu. If this 
solution is left standing at room temperature these 
bands gradually disappear and, within twenty to 
sixty minutes, are replaced by very feeble bands of 
the reduced components of cytochrome which are 
probably associated with insoluble material still 
present in the solution and responsible for its opal- 
escence. On passing air through this solution the 
bands of cytochrome are replaced by the bands at 
583 and 545 my, which rapidly disappear on treating 
the solution with sodium dithionite (Na,S,0,) or on 
bubbling pure nitrogen through it. In both cases 
they are replaced by weak bands of reduced 
cytochrome. 

On passing through the solution a current of a gas 
mixture composed of carbon monoxide and oxygen 
(CO/O, = 4) the bands at 583 and 545 mp are 
replaced by two bands at 574 and 539 my; the 
original bands reappear, however, when the solution 
is vigorously aerated. Finally, the two bands (583 
and 545 mu) also disappear when the solution is 
treated with potassium ferricyanide but without 
being replaced by any detectable bands in the visible 
region of the spectrum. 

The facts that the new absorption bands at 583 
and 545 my. appear when the solution is aerated and 
disappear when it is deprived of oxygen or treated 
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with potassium ferricyanide and are replaced in 
presence of carbon monoxide by two diffuse bands at 
about 574 and 539 my indicate that these bands 
belong to an oxygenated ferrous hemoprotein such 
as oxyhemoglobin or oxymyoglobin. This pigment 
appears in the mycelium on the third day of culti- 
vation, reaches its maximum concentration on the 
fifth day and then gradually disappears. 

The concentration of oxyhemoglobin in intact 
fresh five-days old mycelium is of the same order of 
magnitude as that of some components of cyto- 
chrome. In the opalescent cell-free extract of 
mycelium its concentration can be determined pre- 
cisely by matching the absorption spectrum of a well- 
aerated extract with that of a standard solution of 
oxymyoglobin. The estimation is carried out with a 
microspectroscope outfit provided with a double 
wedge trough‘. The total hematin content of the 
extract can be similarly estimated by transforming 
all the hemoproteins it contains into pyridine 
hemochromogen, the absorption spectrum of which 
is matched with a standard solution of pyridine 
hzemochromogen prepared from pure bemin. Assum- 
ing that the equivalent weight of hemoglobin of 
Neurospora is about the same as that of mammalian 
hemoglobin or myoglobin, namely, 17,000, the 
extract of Neurospora was found to contain about 
10 mgm. per cent of hemoglobin. The total hematin 
content of this extract estimated as pyridine hemo- 
chromogen was, however, higher than could be 
accounted for by the hemoglobin and the residual 
cytochrome. In fact, the hem of hemoglobin repre- 
sented only about 60 per cent of the total hem 
present in the extract. The main part of the non- 
hemoglobin hem appears to be in the form of free 
hem which is derived, as will be shown presently, from 
hzemoglobin as well as from some of the components of 
cytochrome. 

Of other moulds we have so far only made a 
systematic study of Penicilliwm notatum, which was 
cultivated and harvested in the same way as Neuro- 
spora to give a compact felt-like mass of mycelium. 
When examined with a microspectroscope it shows 
strong absorption bands typical of reduced cyto- 
chrome. On rapid compression and release of the 
felt or on treating it with hydrogen peroxide, the 
absorption bands of reduced cytochrome disappear 
and are replaced by the bands at 583 and 545 muy, 
although the second band is not always visible. The 
absorption band at 583 my can also be seen in 
mycelium nded in water and vigorously 
aerated. The fact that this band appears on oxy- 
genation, disappears on deoxygenation or on treating 
the suspension with quinone, and is shifted to 574 mu 
in presence of carbon monoxide, shows that it belongs 
to an oxygenated ferrous hemoprotein or oxyhs#mo- 
globin. Unfortunately, the attempts to obtain a 
hemoglobin-containing clarified extract of Peni- 
cillium were unsuccessful, since most of the hxemo- 
globin in the crude extract was either enzymically 
destroyed or attached to the insoluble fraction. 

One of the important conditions for the study of 
hemoglobin and the cytochromes of moulds is that 
it must be carried out upon material freshly obtained 
and that only submerged and properly aerated 
mycelium should be collected and not the mycelium 
which, owing to vigorous aeration, may have been 
projected out of the medium and be found attached 
to the walls of the vessels above the level of the fluid. 
In fact, mycelium which remains outside the aerated 
nutrient medium even at low temperatures (+ 2° C.) 
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undergoes autolysis accompanied by very marked 4 


changes in its absorption spectrum. The absorp: ion 


bands both of hemoglobin and the cytochromes P 


(except cytochrome ¢ of Penicillium) gradually 


diminish in intensity, while two somewhat diffuse ~ 


but strong bands appear at about 587 and 548 mu. 
Although these absorption bands lie very near 
those of oxyhsemoglobin, spectroscopic study of 
moulds or their extracts under different conditions 
has revealed that the bands belong to free protohxm 
(ferroprotoporphyrin). The evidence in support of 
this view can be summarized as follows: (1) they 


show great similarity to the absorption bands of 3 


hem which are obtained on reducing an alkaline 
solution of hemin with sodium dithionite (Na,8,0,) 
(2) on aeration these bands disappear and very slowly 
reappear when aeration is stopped; (3) they are 
intensified on treating the mould or its extract with 
a reducing agent (Na,S,0,); (4) in the presence of 
carbon monoxide they are replaced by much stronger 
bands lying at about 567 and 537 my ; (5) on addition 
of imidazole these bands are replaced by the very 
strong bands of imidazole hemochromogen. ‘This 
reaction is of special interest since hemoglobin, 
oxyhzemoglobin and the components of cytochrome 
do not react with imidazole. 

There is very little doubt that the free hem which 
appears in moulds originates from hemoglobin and 
some of the components of cytochrome by an enzymic 
degradation of these hemoproteins which accom- 
panies the autolysis of the mycelium. It is somewhat 
surprising that the hem does not appear to combine 
with some of the nitrogenous substances or denatured 
proteins present in the mycelium to form hxmo- 
chromogens. It follows that either no suitable sub- 
stances are available to react with the hem or that 
the conditions are not favourable for such a reaction 
to take place. However, in some specimens of moulds 
the intensification of the absorption bands of hem 
and their displacement towards the blue end of the 
spectrum (to 576 and 537 my) indicate the possibility 
of a complex formation between a protein and the 
hem whereby only the porphyrin of the hem is 
linked to the protein. Such complexes would resemble 
the hem-albumin compound. 

In old mycelia the free hem itself undergoes a 
further degradation which consists in the liberation 
of iron and the appearance of free porphyrin, which 
can easily be recognized on direct spectroscopic 
examination of the mycelium or of an extract 
obtained by treating it with a mixture of ether and 
glacial acetic acid. All these changes are more 
marked and develop more rapidly in the mycelium 
of Penicillium than in that of Neurospora. 

In some samples of moulds these degradation 
products may even be detected during growth and 
proliferation of the mycelia. Owing to their distinctive 
properties, however, their presence does not interfere 
with the study of the unchanged hemoproteins such 
as hemoglobin and the components of cytochrome. 

This work forms part of the general study of 
cellular biology supported by the Nuffield Foundation. 

D. KEILiIn 
A, TissrkrEs 
Molteno Institute, 
University of Cambridge. July 21. 
1 Mitchell, 2 B., Mitchell. H. K., and Tissiéres, a., Proc. U.S 
Acad. Sei. A the press). 
Tissidres, A., Michell, H. K., and Mitchell, M. B.» 
Chem. 200, 819 (195 
* Keilin. D., Proce. Roy. Soc. B, oY ‘312 (1925). 
‘ Keilin, D., and Wang, Y. L.. Biochem. J., 40, 855 (1946). 
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LETTERS TO THE EDITORS 
The Editors do not hold themselves responsible 


for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Isolation of Penicillaminic Acid 
and D-«-Aminoadipic Acid from 
Cephalosporin N 

CEPHALOSPORIN JN, an antibiotic produced by a 
species of Cephalosporium, was recently reported to 
be a new type of penicillin. The physical properties 
of this substance indicated that it contained a basic 
group as well as acidic groups’. The purest prepara- 
tion of cephalosporin N so far obtained, which 
appears from analysis of a counter-current distribu- 
tion curve to be at least 50 per cent homogeneous, 
has now been found to yield p-«-aminoadipic acid on 
hydrolysis. While L-x-aminoadipic acid is known to 
occur in Nature**, the D-isomer does not appear 
to have been isolated previously from a natural 
source. 

The preparation of cephalosporin N was hydrolysed 
in N hydrochloric acid at 100° for six hours, and the 
hydrolysate was separated by electrophoresis into 
neutral and acidic fractions. 

The neutral fraction was oxidized with bromine 
water and the acidic material formed was again 
separated by electrophoresis. On treatment with 
charcoal and crystallization from aqueous acetone 
this material yielded colourless prisms of peni- 
cillaminic acid ($$-dimethylcysteic acid) (found : 
C, 30-6; H, 6-0; N, 6-9 per cent; C,;H,,0,NS 
requires: C, 30-7; H, 5-6; N, 7-1 per cent). 

The acidic fraction contained an amino-acid which 
behaved on two-dimensional paper chromatograms 
like 2-aminoadipic acid, This amino-acid was obtained 
in a homogeneous state by chromatography on a 
column of ‘Amberlite XE-59’, eluting with 0-2 M 
ammonium acetate buffer, pH 5‘. It crystallized 
from water, melting point 205-207°, [«]*> = — 26° 


(c=1 in 6 N HCl) (found: C, 44-2; H, 7-0; 
N, 9:0; C,H,,0,N requires: C, 44-7; H, 6-9; 
N, 8-7). 


This substance showed no depression in melting 
point on mixing with a sample of authentic 
D-a-aminoadipic acid. Electrometric titration showed 
the presence of two acidic groups of pK 2-2 and 4-4 
respectively and a basic group of pK 9-8. An X-ray 
powder photograph was kindly taken by Dr. D. 
Hodgkin, who reported that it was identical with a 
photograph of authentic D-a-aminoadipic acid. 
Oxidation with chloramine-7J'* and addition of 
2: 4-dinitrophenyl hydrazine to the resulting solution 
yielded an acidic 2 : 4-dinitrophenylhydrazone, melt- 
ing point 130-131°, which appeared to be derived 
from y-aldehydo-n-butyric acid (found: C, 44:8; 
H, 4:2; N, 18-4 per cent ; C,;H,,0,N, requires 
C, 44-5; H, 4-7; N, 18-9 per cent). The same 
compound was formed on oxidation of DL-«-amino- 
adipic acid. 

The preparation of cephalosporin N contains a 
basic group of pK 9-8 and forms a dinitrophenyl 
derivative with fluorodinitrobenzene. This derivative 
yields a compound on hydrolysis which behaves like 
DNP-a-aminoadipic acid on paper chromatograms. 
It is therefore concluded that the a-amino group of 
«-aminoadipic acid is free in the active material. 
Since the pK values of the basic group in this material 
and in the amino-acid are very similar, it appears 
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likely that «-aminoadipic acid is linked to the rest 
of the molecule through its 5-carboxyl group. 

The evidence so far available is not incompatible 
with the assumption that cephalosporin N is an 
«-aminoadipyl derivative of the essential core of the 
penicillin molecule. A compound of this structure 
would be expected to have the physical properties of 
the antibiotic. The existence of glutamy] and asparty] 
derivatives is also possible. Traces of glutamic acid 
and aspartic acid were liberated from the purest 
preparation of cephalosporin N on hydrolysis with 
N hydrochloric acid at 100°, and larger amounts from 
cruder preparations. 

The presence of a free amino group obviously 
makes it possible to prepare derivatives of cephalo- 
sporin N by reactions which cannot be applied to 
benzylpenicillin. It is of interest that the DNP- 
derivative, which, unlike the parent substance, can be 
extracted into “ether or ethyl acetate, has a higher 
activity than the latter against Staph. aureus and a 
much lower activity against Salm. typhi. 

We are indebted to Dr. J. P. Greenstein for a 
sample of synthetic D-«-aminoadipic acid, to Dr. 
Borsook for a sample of L-«-aminoadipic acid, 
and to Drs. Fones, Gaudry and Work for samples of 
DL-a-aminoadipic acid. 

G. G. F. NEwron 
E. P. ABRAHAM 
Sir William Dunn School of Pathology, 
University of Oxford. Aug. 1. 
» Abraham, E. P., Newton, G. G. F., Crawford, K., and Hale, C. W., 

Nature, 171, 343 (1953). 

* Borsook, H., Deasy, C. L., Haagen-Smit, A. J., Keighley, G., and 

Lowy, P. H., J. Biol. Chem., 176, 1383 (1948). 

* Windsor, E., thesis, California Inst. Technology (1950). 
‘ Hirs, C. H. W., Moore, 8., and Stein, W. H., J. Biol. Chem., 195, 

669 (1952). 

* Dakin, H. D., Biochem. J., 11, 79 (1917). 


A Colorimetric Method, based on 
Metallic Complex Formation, for the 
Detection of Aureomycin in Presence of 
Amino-Acids and Proteins 


EXPERIMENTS involving the feeding of aureomycin 
to animals are now so common that it would be an 
advantage to have a rapid and reliable chemical 
method for its detection in body fluids and similar 
media. This is the more desirable since micro- 
biological methods of assay are not easy to carry out 
because of the instability of the antibiotic in ordinary 
bacteriological media, even at 25°}. There is one 
remarkable chemical property of aureomycin, appar- 
ently not yet recorded in the literature, which might 
be made use of to this end, namely, its ability in 
alkaline solution to form stable, yellow complexes, 
soluble in n-butanol, with certain divalent cations 
only, notably Mg, Ca, Co, Ni, Cu and Sr. Zn, Cd, 
Mn, Ba, Hg and Pb do not form stable coloured 
complexes. Aureomycin alone gives, of course, a 
yellow colour with excess of ammonia or caustic soda, 
but this fades quite quickly and irreversibly at 30°, 
a purple fluorescence developing in its place. Shaking 
with n-butanol then extracts no colour. 

Many divalent cations also form stable complexes 
with amino-acids*, and hence their colours (if any) 
with aureomycin may not be stable in bacteriological 
media. It happens, however, that the affinity of 
aureomycin for Cat+ and Cot+ is so great that this 
limitation is scarcely felt with these cations. Thus, 
to demonstrate the calcium or cobalt colours in 
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presence of other divalent cations, the following final 
concentrations (ugm./ml.) are suitable: pure aureo- 
mycin hydrochloride, 200-400; ‘Bactogelatine’ 
(calcium-free), 1,000; Cat+ or Cot+, 20-40. Am- 
monia or sodium hydroxide is added last of all to a 
final concentration of about 0-25 or 0-04 M respect- 
ively. The mixture is kept at 30° for 90 min. and then 
shaken with enough n-butanol to give a distinct top 
layer. A yellow colour in the top layer only denotes 
ealcium ; in both layers, cobalt. The ‘Bactogelatine’ 
in conjunction with ammonia will suppress the 
eolours otherwise given by Mg++, Cut+ or Nit+; in 
eonjunction with sodium hydroxide it will also sup- 
press the colour due to Sr++. It has practically no 
effect, however, even after several hours standing, on 
the colours given by Ca++ orCot+, ‘The cobalt colour 
is much browner than the calcium colour, which is a 
pure yellow. 

For the detection of aureomycin, calcium is the 
metal of choice since its complex is completely 
extracted from aqueous solution by one shaking with 
n-butanol. (The CaCl, complex of the structurally 
related antibiotic terramycin has already been 
described by Regna et al.'.) It is quite easy to detect 
20 ugm./ml. of aureomycin in a solution containing 
both ‘Bactogelatine’ (0-1 per cent) and ‘artificial’ 
casein hydrolysate (0-1 per cent, made according to 
the directions of Norén‘) by adding a drop or two of 
0-2 per cent calcium chloride solution, using sodium 
hydroxide as the alkali rather than ammonia, and in- 
cubating at 30° for 15 min. only. An aureomycin con- 
trol without calcium chloride and a calcium control 
without aureomycin give absolutely no colour in the 
top layer. Such a solution corresponds to a bacterio- 
logical medium. Alternatively, one may use 1 per 
cent peptone water which, however, usually contains 
enough calcium already to give the test when 
aureomycin is added. 

It should be mentioned that the calcium-free 
‘Bactogelatine’ (‘Difco’) specimen here used was sui 
generis. All other specimens of bacteriological 
gelatin by other suppliers seemed to contain calcium. 
Likewise, two commercial specimens of acid hydro- 
lysed casein also contained enough calcium to give 
the test. On the other hand, among scores of com- 
mercial specimens of amino-acids only two—one out 
of several of methionine and one of cysteine hydro- 
chloride—gave the test in absence of added calcium 
chloride, and so it was possible to make up a calcium- 
free ‘artificial’ casein hydrolysate to simulate a 
bacteriological medium. 

In addition, aureomycin may be used as a reagent 
for detecting traces of calcium in presence of mag- 
nesium and of cobalt in presence of nickel, and may 
thus be of some use in analytical chemistry. 

Iam indebted to Dr. A. T. Mennie, medical director, 
Lederle Laboratories Division, Cyanamid Products, 
Ltd., Bush House, London, W.C.2, for arranging for 
a supply of pure aureomycin hydrochloride to be sent 
to this Institute for calf-feeding experiments. 


A. E. Oxrorp 
Rowett Research Institute, 
Bucksburn, Aberdeenshire. 
June 26. 
1 Price, C , Randall, W. A., and Welch, H., Ann. N.Y. Acad. Sci., 
51, S11 Madie-s1). 
ok - C., and Pelcak, E. J., Ann. N.Y. Acad. Sci., 
1 
3 Albert, A., Biochem. J., 47, 531 (1950). 
*Norén, B., Svensk. Bot. Tidskrift, 46, 324 (1952). 


5 Regna, P. P., Solomons, I. A., Murai, K., Timreck, A. E., Brunings, 
K. J., and Lazier, W. A., ‘J. Amer. Chem. Soc., 78, 4211 (1951). 
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Effect of Insulin on the Adrenergic 
Amines of Blood 


Ir is generally assumed that the stimulation of 
adrenalin secretion which is observed after insulin 
administration is a reaction not caused by insulin 
itself but by the hypoglycemia which it produces, 
It has also often been claimed, with and without 
supporting evidence, that insulin hypoglycemia is 
accompanied by hyperadrenalinemia. This claim is 
not correct, as has recently been shown!. The intra- 
venous injection of insulin in fasting subjects leads 
to an immediate and pronounced drop of the level of 
adrenergic amines in plasma which precedes the fal] 
of the blood sugar. Likewise, in the recovery period, 
the return of the level of adrenergic amines to the 
norm precedes the rise of the blood sugar curve. If 


coma doses of insulin are injected the plasma-level . 


of adrenergic amines remains depressed, until the 
coma is terminated by glucose administration. The 
effect of insulin is also observed, although in mild 
and modified form, if the development of hypo- 
glycemia is prevented by a preceding glucose 
ingestion. 

The method which was used in these studies did 
not permit a differentiation between adrenalin and 
noradrenalin, but a modification has recently been 
developed? with which this has become possible. Its 
application to the insulin effect has shown that the 
drop is entirely or almost entirely accounted for by 
the disappearance of adrenalin from plasma. The 
level of noradrenalin remains stationary or is, in 
some cases, slightly reduced. A typical result is 
shown in the accompanying figure. The concentration 
of adrenalin and noradrenalin in red blood cells is 
unchanged or diminished. 
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It must be assumed, therefore, that under the 
influence of insulin the fixation of adrenalin in the 
tissues is increased, and this has been clearly demon- 
strated by Hékfelt*. The increased secretion of 
adrenalin after insulin administration may thus be a 
reaction to compensate for the lowering of the plasma 
adrenalin-level, rather than an effect of hypo- 
glyceinia. Euler and Luft* have recently shown that 
insulin causes an increased urinary excretion of 
adrenalin, but not of noradrenalin, This observation 
would be difficult to reconcile with the reduction of 
plasma adrenalin-levels, unless it is assumed that the 
adrenergic amines of urine exist largely in the con- 
jugated form. The conjugated amines would not be 
estimated by the method used for the analysis of 
blood. 


H. We1t-MALHERBE 


Runwell Hospital, 
Wickford, Essex. 
May 18. 

1 Weil-Malherbe, H., and Bone, A. D., J. Ment. Sci., 98. 565 (1952); 
Biochem. J., 52, xi (1952). Ile Congrés Intern. Biochim., Résumés 
des Communications, 67 (1952). 

* Weil-Malherbe, H., and Bone, A. D., Lancet, 264, 974 (1953). 

*Hokfelt, B., Acta Physiol. Scand., 25, suppl. 92 (1952), 

‘Euler, U. 8. von, and Luft, R., Metabolism, 1, 528 (1952). 


Extremely High Alkaline Phosphatase 
Activity in the Vaginal Mucus 
of the Cow 


In the course of an investigation on the phosphatase 
content of the vaginal smear of some non-pregnant 
cows and heifers, extremely high alkaline phosphatase 
activity was observed in the mucus at regular intervals 
corresponding with the ovar- 
ian cycle of the animal. The 14,000 units 
highest values were found on i 
the day that mucus secretion 4009  { 
begins, two days before the 
visible signs of heat (bellow- 
ing, unrest, willingness to a 
copulate), On that day a 
relatively small but highly 
active amount of mucus is 
secreted. A second period of 
relatively high activity of the 
mucus is often seen between * 
the eighth and the twelfth 


LD muvevs 


Units/100 gm. 
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day post estrum. The act- 
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ALKALINE PHOSPHATASE ACTIVITY (KING AND ARMSTRONG UNITS 
PER 100 GM.) IN THE VAGINAL MUCUS OF HEIFERS 























Date 21/4/52 23/4/52 28/4/52 1/5/52 4/5/52 | 
No. 817 | 27,600 100* 100 86 ~- 

» 818 3,200 1,890 11,040 5,180 460 

— 1,040 ° 220 200 104 290 | 
» aa0 6,000 26,200 100* 610 3,000 | 
~~ aa 7,500 3,310 1,520 510 800 | 
» a2 9,500 1,240 320 760 700 | 








* = wstrum. 


Days of abundant secretion are indicated in the 
diagrams by vertical lines. The rapid fall in activity 
just before cestrum is an effect of dilution and cannot 
be ascribed to instability of the enzyme, since a 
sample of highly active mucus (14,000 King and 
Armstrong units per 100 gm.) retained its full 


_activity while stored at room temperature for three 


days. 

Large amounts of alkaline phosphatase are secreted 
by heifers, especially in the period of first cestrum. 
A characteristic picture of the very high and variable 
activities found in the mucus of six heifers is given 
in the accompanying table. 

The alkaline phosphatase diagram probably gives 
@ picture of the permeability of the vaginal epithelium 
and of the amount of enzyme stored in the mucosa. 
The influence of castration, hormones and diet (feed- 
ing of phosphates) is now under investigation. In a 
case of corpus luteum persistens, very low alkaline 
phosphatase values were found. Stable dry enzyme 
preparations, containing 50-100 per cent of the 
original activity, can be obtained from the mucus 
by precipitation with cold ethanol or acetone. Our 
most active preparations, 40-50 King and Armstrong 
units per mgm. nitrogen, showed a _ positive 
biuret, a strong Molisch and a negative phosphorus 
reaction. 


21,000 units 
11,000 units (+ magnesium) 


mt tt ih itll, 


oestrus oestrus 























different individuals and the 0 20 
daily variations may be great, 
especially in periods of irregu- 
lar mucus secretion. 

The diagram indicates the 
concentration of alkaline phosphatase in the mucus 
of a normal, healthy cow. Phosphatase activity 
is expressed in King and Armstrong units’ per 
100 gm. of mucus. In our first series of experi- 
ments, the mucus was homogenized and dissolved 
im water; later, we used a 0-06 per cent mag- 
nesium chloride solution in order to obtain maxi- 
mal activation. Since the amount of mucus which 
was secreted daily could not be estimated, the dia- 


of a cow duri 


" gram does not give the total amount of phosphatase 


produced. During cestrum, mucus secretion is 
abundant, but the clear mucus is only slightly active. 


4 80 100 days 


0 
Cow No. 411 


Alkaline phosphatase activity (in King and Armstrong units per 100 gm.) in the vaginal mucus 
five ovarian cycles. Days of abundant mucus secretion are indicated by short 
vertical lines ; days on which full estrus was observed are marked by an arrow 


I am grateful to Dr. J. I. Terpstra, at whose 
instigation this study was undertaken, and to Mr. 
W. A. Eisma and Miss M. E. Goedkoop for veterinary 
and technical assistance. 


G. A. vAN KLINKENBERG 
Rijksseruminrichting, 
Prof. Poelslaan 35, 


Rotterdam. 
March 10. 


kim 3.7 and Armstrong, A. R., Canad. Med. Assoc. J., 31, 376 
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Isolation of a Mixed Disulphide of 
Glutathione and Cysteinylglycine from a 
Partial Hydrolysate of Glutathione 


GLUTATHIONE, y-glutamylcysteinylglycine, can 
easily be split into glutamic acid and cysteinylglycine 
by mild acid hydrolysis', and even without acid by 
heating in a water solution’. The tripeptide has 
therefore been used as material for the preparation of 
cysteinylglycine. In order to prepare this dipeptide 
for a microbiological purpose, the latter of the two 
methods was tried. 

Glutathione, dissolved in distilled water, was 
hydrolysed for five days at 62° C. The cysteinyl- 
glycine and possibly unhydrolysed glutathione were 
precipitated as their mercaptides with mercuric 
sulphate. The precipitate was washed with water 
and decomposed with gaseous hydrogen disulphide. 
The mercuric sulphide was removed by centrifugation 
and the supernatant neutralized with barium 
hydroxide. After evaporation of the solution to a 
few millilitres, precipitation was made with absolute 
alcohol. During storage the SH-groups originally 
present were oxidized (test with sodium nitroprusside). 
In order to examine whether the hydrolysis was 
complete, a one-dimensional descending chromato- 
gram was developed in the usual manner with acetic 
acid : n-butanol : water (1 : 4: 5) and Whatman No. 1 
paper. More than one component was detected, but 
the resolution of the mixture was unsatisfactory, and 
therefore electrophoresis on paper was tried according 
to the method of Kunkel and Tiselius*. The run was 
made in acetate buffer (pH 4-5, u 0-05) with about 
0-2 mgm. of the substance on Munktell 20 paper and 
using @ potential gradient of 5 V./em. for six hours. 
The position of the material was determined by 
treating the paper with ninhydrin solution. As seen 
from the illustration (row No. 2), three spots could 
be detected on heating the paper, two of which (B 
and C) travelled towards the anode, while the third 
(A) was immobile. Spot C was found to be oxidized 
glutathione, since this substance gave an identical 
spot (row No. 1 in the illustration). Judging from its 
yellowish colour and position, spot A was cystinyl- 
bisglycine, and this was confirmed by paper chromato- 
graphy. 

Spot B was eluted from a paper run in the same 
way as above, its position being determined with 
ninhydrin on @ narrow strip of the paper. After 
hydrolysis of the component in 6N hydrochloric acid 
at 110° C. overnight, a paper chromatogram revealed 
the presence of the same amino-acids as in glutathione. 
Since no SH-groups were present, the component 
must be a disulphide. It was therefore oxidized with 
performic acid‘ and chromatographed on Whatman 
No. 1 paper with acetic acid : n-butanol : water 
(1:4:5). Two spots were detected, the faster one 
being (CySO,H).Gly and the slower one, y-Glu. 
(CySO,H).Gly, the sulphonic acid derived from 
glutathione. Synthetic samples of these peptides 
were used as references. The unknown compound 


A B 


Cc 
a ss [Sere 3 2 
Electrophoresis on paper of a partial hydrolysate of glutathione : 
(1) oxidized glutathione; (2) partial hydrolysate of glutathione 
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was thus a mixed disulphide of glutathione and 
cysteinylglycine, 





y-Glu.(CyS).Gly 
| 


(CyS).Gly. 

Since both the glutathione and the cysteinylglycine 
had been isolated in their reduced forms from ihe 
hydrolysis mixture, this mixed disulphide must in 
this case have been formed secondarily by oxidative 
coupling of the peptides during storage. It might 
also be formed as an intermediate product in the 
hydrolysis of oxidized glutathione. A similar mixed 
disulphide has also been prepared from glutathione 
and cystein by oxidation with perhydrol at pH 7-5. 
It could be separated from the reaction mixture in 
the same way as above. 
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Biokemiska Institutionen, 
Uppsala. 
June 8. 


1 Olson, C. K., and Binkley, F., J. Biol. Chem., 186, 731 (1950). 

* Kendall, E. C., Mason, H. L., and McKenzie, B. F., J. Biol. Chem., 
88, 402 (1930). 

* Kunkel, H. G., and Tiselius, A., J. Gen. Physiol., 35, 89 (1951). 

‘Sanger, F., Biochem. J., 44, 126 (1949). 


Enzymatic Hydrolysis of Urinary Neutral 
17-Ketosteroid Conjugates 


Ir is generally accepted that urinary steroids are 
excreted almost entirely in the form of water- 








, 2 
soluble conjugates with glucuronic and sulphuric 7 7 
acids. Acid hydrolysis has been extensively used to  ™4 
liberate free steroids from these conjugates ; but the the 
conditions necessary for complete hydrolysis are such | to 
that considerable changes occur within the steroid jeg 
molecules themselves, particularly the substitution ~ ox; 
of the hydroxyl group of androst-5-en-3-8-ol-17-one ing 
(dehydroisoandrosterone) by chlorine. S hy 

8-Glucuronidase preparations have been shown to ~ 
split steroid glucuronides and have been applied to | uri 
the hydrolysis of corticosteroid, cestrogen and keto- shc 
steroid conjugates. The application of sulphatase pai 
concentrates has been mainly confined to the libera- co! 
tion of the phenolic cestrogens from their sulphates ; ste 
the sulphatases of microbiological origin have been en: 
shown to be ineffective for hydrolysing the neutral sa 
17-ketosteroid conjugates'. Henry and Thevenet*? | ' 
and Henry, Thevenet and Jarrige* have, however. to 
recently described the total hydrolysis of urinary rat 
steroid conjugates and the hydrolysis of the potassium — = gh 
salt of androst-5-en-3-B-ol-17-one sulphate with ob 
sulphatase and §-glucuronidase preparations from — we 
the edible snail (Helix pomatia). ; an 

The recently published work of Dodgson and lib 
Spencer* has shown the high 8-glucuronidase and of 
phenol sulphatase activity of extracts of the visceral thi 
hump of the common limpet (Patella vulgata). We 
have found that an extract of the visceral hump of ly; 
this species of molluse hydrolysed a sufficiently large us 
amount of the neutral 17-ketosteroid conjugates ~~ uri 
present in urine to indicate that a steroid alcohol | fre 
sulphatase was active. The extract was prepared ~— oy 
from acetone-dried visceral hump by extraction with ~~ ph 
0-1N potassium chloride at pH 8-0, precipitation ~ wl 
by half saturation with ammonium sulphate, followed — ph 
by dialysis and freeze-drying of the precipitate. 5 ha 


This extract, when incubated with normal male ior 
urine at pH 5-0 for periods up to 96 hr., released 
amounts of 17-ketosteroids exceeding 90 per cent of 
° 
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fable 1. RELBASE OF 17-KE8TOSTBROID-LIKE SUBSTANCES FROM A 
NORMAL MALE URINE BY Act HYDROLYSIS AND ENZYMATIO 
HYDROLYSIS 
Volume 17-Ketosteroids 
of urine Treatment released (crude 

(ml.) totals in gm.) 
|. 25 Acid hydrolysis 173 
Enzymatic hydrolysis (50 got 
= 4 concentrate at pH 5-0 
25 (a) Incubated for 24 hr. 92 
25 (b) Incubated for 77 hr. 167 
25 Urine incubated at pH 5-0 and 6 
87° C. for 77 hr. without enzyme 
Table 2. ENZYMATIC HYDROLYSIS OF THE SODIUM SALT OF ANDROST- 
5-EN-3-8-ol-17-ONE SULPHATE 
17-Ketosteroid released 
Substrate Treatment Crude total 
(vgm.) Per cent 
Sodium salt of 2 hr. at pH 4-8, 
androst-5-en-3-f- 87°C. Blank 3 0°75 
ol-17-one 
(80 »gm./ml.) 
és 1 hr. at pH 4:8, 
87° C. + enzyme 38 9-5 
(10 mgm.*) 
2 hr. at pH 4°8, 
87°C. + enzyme 77 19-2 
(10 mgm.*) 

















*The alcohol sulphatase activity of the enzyme preparation was 
estimated by measuring the rate of release of androst-5-en-3-f-ol- 
17-one from the sodium salt of androst-5-en-3-A-ol-17-one euiphate, 
and will be described in detail elsewhere. 


that obtained by acid hydrolysis performed according 
to the method of Callow. Table 1 gives the detailed 
results of a typical experiment. Moreover, the 
extracts so obtained were considerably less contam- 
inated by urinary chromogens than after acid 
hydrolysis. 

Fractionation by partition chromatography® of the 
urinary steroid complex liberated by enzyme action 
showed a marked absence of the ‘artefact’ peak, 
particularly 3-8-chloroandrost-5-en-17-one. The peak 
corresponding to androstan-3-«-ol-17-one (andro- 
sterone) was obtained in similar yield by both 
enzymatic and acid hydrolysis of aliquots of the 
same urine. 

The same extracts of P. vulgata have been shown 
to contain a B-glucuronidase by estimation of the 
rate of liberation of glucuronic acid from borneol 
glucuronide. An optimum value of pH 4-0 was 
observed for this reaction. Similarly, these extracts 
were shown to hydrolyse the pure sodium salt of 
androst-5-en-3-8-ol-17-one sulphate (Table 2), the 
liberated free ketosteroid being estimated by means 
of the Zimmermann reaction. The optimum pH for 
this reaction was in the region of 4-8-5-0. 

Differences between the rates of enzymatic hydro- 
lysis of urinary steroid conjugates and those obtained 
using pure substrates pointed to an inhibition by 
urinary constituents. A private communication 
from Drs. Dodgson and Spencer (in the press) directed 
our attention to their work on the inhibition of the 
phenol sulphatase from P. vulgata by urine, in 
which they showed that both sulphate and phos- 
phate ions inhibit the reaction of their enzyme. We 
have found that removal of sulphate and phosphate 
ions from the urine, as they suggest, considerably 
increased the rate of hydrolysis of urinary neutral 
17-ketosteroid conjugates. 
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Further details of this work will be published 
elsewhere. 
S. R. Strrcu =» 
I. D. K. HatKerston 


Biochemical and Endocrinological Research 
Department of Bristol Mental Hospitals, 
Barrow Hospital, 

Barrow Gurney, Nr. Bristol. 

March 28. 


* Beuhler, H. J., Katzman, P. A., and Doisy, E. A., Fed. Proc., 9, 
157 (1950). 

* Henry, R., and Thevenet, M., Bull. Soc. Chim. Biol., 34, 886 (1952). 

* Henry, R., ia) M., and Jarrige, P., Bull. Soc. Chim. Biol., 





34, orcs 
‘pee, ae Me and § . B., Bioch J., 51, 
pe nay” gr » and Spencer, B., Biochem. J., 51, 

xiii (1952). 


* Jones, J. K. N., and Stitch, 8. R., Biochem. J., 53, 679 (1953). 


Potential Constants of Diacetylene 


A MISINTERPRETATION of the vibrational spectrum 
of diacetylene (HC=C—-C=CH)' led to very low 
values of the potential (force) constant corresponding 
to the central carbon-carbon bond. Although some 
justification was offered for this low value? the 
recent experimental work of Jones‘ and a correlation 
study of diacetylene and similar molecules® led to 
the conclusion that the previous assignment of the 
fundamental frequencies and, therefore, the potential 
constants obtained from them, must be discarded. 
Several recent publications’** agree in giving a 
value for the central carbon-carbon bond-stretching 
potential constant which is substantially higher than 
the value corresponding to a single bond. 

A normal co-ordinate treatment has now been 
carried out for diacetylene by using the frequencies 
given by Jones‘, without transferring any potential 
constant from similar molecules. Different sets of 
constants were obtained, corresponding to values of 
the C—H potential constant in a range close to the 
corresponding value in acetylene. The value of the 
central-bond potential constant has been established 
in this way between 6-6 and 6-8 md./A. Coulson 
and Longuet-Higgins’ have given expressions for the 
stretching-potential constant of a bond in conjugated 
hydrocarbons ; and Coulson® has also plotted curves 
relating the mobile bond-order to the atomic radius 
of carbon for different values of the coefficient of 
orbital mixing. In diacetylene, where the o-bond 
is of sp type, the bond order is 0-70, corresponding 
to a radius of 0-68 A. If we use a value of 6-7 md./A. 
for the potential constant, the corresponding self- 
polarizability is — 2-20 (md./A.)-, which is definitely 
smaller (in absolute value) than it would have to be 
to justify a drastically low value of the potential 
constant, as reported previously. Recently, Longuet- 
Higgins ‘and Burkitt* have calculated a potential 
constant of 7-97 md./A., in qualitative agreement 
with our results, although, in terms of the present 
normal co-ordinate treatment, the latter figure for 
the potential constant seems too high. It does not 
seem possible that the neglect of the anharmonicities 
and very small interaction constants may produce 
such a large difference. 

Coulson and Longuet-Higgins* have pointed out 
the great difficulties involved in the theoretical cal- 
culation of mobile bond-orders and bond polariz- 
abilities. The method used here may provide an 
independent check for such calculations. A more 
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detailed account of the work outlined above will be 
published in the Journal of Chemical Physics. 
° S. M. FERIGLE 
, A. WEBER 
Spectroscopy Laboratory, 
Illinois Institute of Technology, 
Chicago 16, Illinois. 
Jan. 12. 
1 Ferigle, S. M., Cleveland, F. F., and Meister, A. G., J. Chem. Phys., 
0, 526 (1952), and references given there. 
® Longuet-Higgins, H. C., and Wheland, G. W., Ann. Rev. Phys. Chem.» 
133 (1950). 
* Hornig, D. F., ONR Technical Report No. 15 (1940). 
* Jones, A. V., Proc. Roy. Soc., A, 211, 285 (1952). 
5 Ferigle, S. M., Cleveland, F. F., and Meister, A. G., Phys. Rev., 81, 
302 (1951); J. Chem. Phys., 20, 1928 (1952). 
* Longuet-Higgins, H. C., and Burkitt, F. H., Trans. Farad. Soc., 48. 
1077 (1952). 
7 Coulson, C. A., and Longuet-Higgins, H. C., Proc. Roy. Soc., A, 193, 
456 (1948). 
® Coulson, C. A., ‘Vol. Comm. Victor Henri’’, 15 (Desoer, Liége, 1948). 


Effect of Thyroxine on Coenzyme A Levels 


ATTEMpTs to establish the mechanism and site of 
action of thyroxine upon peripheral tissues have 
occupied the interest of a number of investigators, 
and a detailed account of the various areas of study 
has been presented in Barker’s' review. Of the various 
possibilities suggested, it may be mentioned that 
thyroxine has been stated to cause a release of co- 
enzymes, protein carriers or other substances needed 
for many of the energy-transforming processes in 
cells** ; but neither the mechanism of release nor 
the source of these materials is clear. Martius and 
Hess‘ have suggested that thyroxine acts as an un- 
coupling agent. 

In investigating the peripheral action of thyroxine 
it would appear logical to study a system which has 
been demonstrated to exert an influence upon the 
basic economy of the body. Recent developments 
in the establishment of the function of coenzyme A 
have demonstrated the fact that a number of reactions 
which previously had been shown to be influenced 
by the thyroid state are coenzyme A-dependent. 
This suggests that there may be a relationship 
between coenzyme A and thyroxine. 

With these considerations in mind, it was decided 
to determine what infiuence, if any, the thyroid 
exerted upon the coenzyme A-levels in liver, heart, 
brain and intestine. The experimental animals used 
were white male Wistar rats of approximately 90-150 
gm. weight. Ten of these animals were thyroidec- 
tomized with iodine-131 and then after an appropriate 
interval separated into two groups: A, controls; 
and B, animals treated with 150 ugm. of sodium L- 
thyroxine pentahydrate per 100 gm. body weight. 
All animals were killed two days following the injec- 
tion of thyroxine, and the coenzyme A concentration 
determined in the various tissues by the Kaplan— 
Lipmann§ procedure. (The coenzyme standard was 
supplied by Dr. F. Lipmann.) 

The results are presented as per cent increase of the 
coenzyme A level in the treated group over that 
found in the control thyroidectomized group. 


COENZYME A UNITS PERTGM. FRESH TISSUE 

















Liver Heart Brain Intestine | 
Group A 49 18 9 ro 
Group B 121 25 12 10 

| Per cent increase of 

treated group 147 39 33 43 
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These results suggest that further studies of a more 
detailed nature into the relationship of coenzyme A 
and thyroxine should be made. If it is true that 
thyroxine acts by influencing the concentration of this 
coenzyme in tissues, &@ significant step will have been 
made towards understanding the action of thyroxine, 
In a collateral study it has been demonstrated ‘hat 
triiodothyronine in doses 1/5 those of thyroxine used 
above had substantially the same effect upon 
coenzyme A tissue levels*. 

A more detailed report of this work will be pub- 
lished elsewhere. 

Irvine I. A. TABACHNICK* 
Desmond D. BonnyCast1i 
Department of Pharmacology, 
Yale University School of Medicine, 
333 Cedar Street, 
New Haven, Connecticut. 
April 28. 


* Pre-doctoral Fellow, National Cancer Institute. 
1 Barker, S. B., Physiol. Rev., 31, 205 (1951). 
* Drabkin, D. L., J. Biol. Chem., 182, 335, 351 (1950). 
* Tipton, S. R., Amer. J. Physiol., 161, 29 (1950). 
* Martius, C., and Hess, B., Arch. Biochem., 38, 486 (1951). 
* Kaplan, N. O., and Lipmanp, F., J. Biol. Chem., 174, 37 (1943). 
*Van Wessem, R., Tabachnick, I. I. A., and Bonnycastle, D. D. 
(unpublished data, 1953). 


Synthesis of Components of the Vitamin B 
Group by Corynebacterium diphtheriz 


In the course of a more extensive study concerning 
the metabolism of C. diphtheria, it was found neces- 
sary to estimate to what extent vitamins of the B 
group, known to function as co-enzymes for various 
desmolases, appear in the medium during the growth 
of the bacterium. Previously, the occurrence of 
pantothenic acid, thiamine and riboflavine in the 
culture filtrates of the diphtheria bacterium, grown 


on semi-synthetic media, has been strongly indicated’. | 


On examining this further, the following additional 
vitamins (or substances with similar activity in 
microbiological assays) were found to be synthetized 
by C. diphtherie: vitamin B, complex, biotin, 
p-aminobenzoic acid, folic acid and vitamin By,,. 
The assays were made from the routine medium 


and culture filtrate (crude toxin) used for the pro- [ 


duction of diphtheria prophylactic in this laboratory. 
This substrate is a modification of the low-nitrogen 
casein hydrolysate medium proposed by Holt?. It 
has a very low initial content of growth factors, 
except those included in the added essential nutrients 
of Mueller* (f-alanine, nicotinic acid, pimelic acid, 
cystine and the inorganic elements). The sodium 
chloride content of the medium is 0-5 per cent, and 
the nitrogen content is brought to 0-11 per cent by 
adding glycine and glutamic acid (1:1). Instead 
of the usual ferrous sulphate solution for the adjust- 
ment of the iron-level of the medium, a solution of 
yeast autolysate is used as a source of iron*. The 
yeast autolysate obviously contains, besides iron, 
some additional important factors, and thus a more 
regular and higher toxin production is guaranteed 
(usually 120-150 Ly doses per ml. in cultures in- 
cubated for five days at 34° C.—the initial purity 
of the toxin being greater than 1,000 Ly doses per 
mgm. protein nitrogen). One of the effective agents 
in the autolysate seems in all probability to be 
thiamine’; another is possibly inositol. The amount 
of yeast autolysate added to the medium is so small 
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g Found in 
Compound assayed Assay organism and method 

Medium Culture filtrate 
| Thiamine (y/ml.) ++ + Phycomyces blakeslecanus 21156. Technique 
Lactobacillus fermenti ATCC 9338. Technique “of 8 

Riboflavine (y/m1.) 0-12-0-13 14-0-17°3 Lactobacillus casei ¢ — on Technique ref. 9 
Nicotinic acid (y/ml.) 8-4-3 6 1-6-2°1 Lactobacillus arabinosus A’ a eM. Technique ref. 9 
| Pantothenic acid (y/ml.) -- 0°3-0°4 Lactobacillus arabinosus Arce 8014. Technique ref, 7 
| Vitamin B, complex (y/ml.) + 0-2-0°3 ———— carlsbergensis 4228. Technique ref. 10 
| Biotin my/ml.) 0*10-0°12 1-2-1°6 Lactobacillus arabinosus ATCC 8014. Technique ref. 7 
| Tnositol iim. 11-0-12°0 — Neurospora crassa 37401. Technique ref. 11 
| p- Aan, penatts acid y/mol. = 0-9-1°4 Acetobacter suboxydans 621. Technique ref. 7 

Folic acid y/ml. _- 0-12-0-16 fecalis ATCC 8043. Technique ref. 9 
| Vitamin Byst (my/ml.) + 7°0-11°0 E " in” coli ATCC 9637, mutant 113-3*. Technique 
| leichmannii ATCC 4797. Technique ref. 9 
| 














* Obtained through the aye of Dr. Paul R. Burkholder, Yale University, Connecticu 


+t Another ‘Toronto’-variant of C 
was found capable of synthetizing more than 50 


that only riboflavine, biotin, inositol, thiamine and, 
of course, nicotinic acid can be detected in it in 
significant amounts. The strain of C. diphtheriae used 
in this investigation was a “Toronto’-variant labelled 
CN 2000, which was obtained from the Wellcome 
Research Laboratories, Beckenham, England, through 
the courtesy of Dr. F. V. Linggood. 

In the analysis of the medium and the culture fil- 
trate, the techniques used were exclusively those of 
microbiological vitamin assay. In the case of vitamin 
B,;, the identity of the active compound with vitamin 
B,, was ascertained paper-chromatographically*®. The 
results are given in the accompanying table. 

The figures given are extreme values from several 
assays from different batches of the medium and 
toxin (culture filtrate). The symbols +, + and ++ 
are used when the activity of the tested compound 
in the sample was too slight to be estimated with 
sufficient accuracy, even when undiluted medium or 
toxin was assayed. In the case of thiamine it was, 
however, possible to observe that the toxin always 
had a clearly weaker thiamine activity than the 
corresponding medium. Thus it seems evident that 
this strain of C. diphtherie does not secrete thiamine 
into the growth medium. If thiamine is synthetized, 
it is retained in the bacterial cell. 

Of the other compounds investigated, nicotinic 
acid and inositol are largely drawn from the sub- 
strate, inositol almost quantitatively. Riboflavine, 
pantothenic acid, vitamin B, complex, biotin, 
p-aminobenzoic acid, folic acid and vitamin B,, are 
synthetized and appear in the toxin in considerable 
amounts. 

This investigation was aided by 4 grant from the 
Sigrid Juselius Foundation. 

LAURI JANNES 

Microbiological Department, 

Laé&ketehdas Orion, Oy., 
Helsinki. 
March 31. 
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di es roducing an anomalous toxin on 
Lr ot of vitamin B,, in the culture filtrate. 


a medium with: very high yeast autolysate content (ref. 13) 


Some Interrelationships of the Erythrocytes 
of Various Species with Plant Agglutinins 


Earty studies by Landsteiner! indicated that while 
plant agglutinins acted upon the red cells of most 
species, specificity could be considered to exist if the 
action of a given plant extract against a limited series 
of cells was considered. For example, lentil extracts 
agglutinated rabbit’s red cells but not pigeon’s red 
cells. Recent experiments* revealed that extracts of 
common strains of Dolichos biflorus agglutinated 
human A cells quickly and sheep’s cells after 5 min., 
but not human cells of groups B and O, or those of 
some other species. 

The fact that the cells of some species are agglut- 
inated by extracts which fail to agglutinate the cells 
of other species indicates that the former possess 
certain red-cell receptors which are lacking in the 
latter. It was therefore considered instructive to 
determine the reactions of several plant extracts upon 
the red cells of many species. The antigenic com- 
position of the various bloods in relation to the 
numerous plant antibodies might thus be established ; 
and if differences are found to exist, a simple means of 
identification of these bloods might become available. 
Accordingly, in a preliminary experiment, extracts 
of Ricinis communis, Dolichos lablab, Vicia faba and 
Phaseolus lunatus were each put up against cell 
suspensions obtained from the bloods of the following 
species : sheep, goat, water buffalo, cow, horse, dog, 
chicken, pigeon, rabbit, guinea pig, and man (groups 
A, B and 0). 

The extracts were prepared by the simple mortar- 
and-pestle method of Boyd and Reguera*. 2 per cent 
suspensions of fresh unwashed cells of the various 
species were tested against each extract by the tile 
method, as in simple human blood-grouping, and the 
results read macroscopically within ten minutes. 
Negative results were checked under the microscope. 


AGGLUTINATION REACTIONS OF VARIOUS ERYTHROCYTES WITH 
CERTAIN PLANT AGGLUTININS 
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It quickly became evident that there are differences 
in the erythrocyte antigen pattern of various species 
(see table). So far the following different groups can 
be recognized, the members of which are apparently 
indistinguishable from one another : 


Sheep—goat—buffalo—cow—horse—dog. 
Chicken—pigeon. 

Rabbit—guinea pig—man (groups B and Q). 
Man (group A). 

Testing at a higher level, by using a wider range 
of plant extracts, might enable a more complete 
differentiation of various bloods to be made. For 
example, soya bean extracts are said to agglutinate 
rabbit’s red cells‘ but not human red cells’. 

The experiments described do not take into 
consideration the likelihood that differences, vis @ vis 
plant antibodies, might exist among individual mem- 
bers of each of the species tested. This aspect will 
have to be fully examined before any firm conclusions 
can be established. The possibility of differences 
occurring in the activity of varieties or strains of 
each of the plants used must also be considered. 
Minor differences may also arise if a more delicate 
technique is employed. 

It is felt, however, that the differences so far noted 
are sufficiently striking to merit publication at this 
stage. Further investigation might be of zoological, 
botanical, and possibly forensic interest. 

; G. W. G. Brrp 
Blood Transfusion Department, 
Armed Forces Medical College, 
Poona 1. 
Feb. 11. 
‘ Landsteiner, K., “‘The Specificity of Serological Reactions’’ (Cam- 
bridge, Mass., 1947). 
* Bird, G. W. G., J. Immunol., 69, 319 (1952). 
* Boyd, W. C., and Reguera, R. M., J. Immunol., 62, 333 (1949). 
“Liener, I. E., and Pallansh, M., J. Biol. Chem., 197, 29 (1952). 


A Precursor of Methoxy-para-benzoquinone 
in Wheat Germ 


In September 1952 a preliminary communication 
was read at the Second International Congress for 
Fermentation Industries held at Ostend, in which 
we demonstrated the formation of methoxy-para- 
benzoquinone from an aqueous germ extract. The 
method used differs from that of Vuataz! and of 
Cosgrove et al.?-in that we did not use any yeast 
but treated our germ extract with potassium iodate 
in acid medium. From this we concluded that the 
germ extract contains the precursor of methoxy-para- 
benzoquinone, and we mentioned the isolation of this 
precursor (X). 

Isolation was accomplished in the following way. 
An aqueous extract of fat-free germ was boiled 
and treated with 75 per cent alcohol to remove 
part of the proteins. The rest was concentrated 
in vacuo and extracted with acetone. This was in 
turn distilled off in vacuo and the rest dissolved 
several times in absolute alcohol, treated with 
increasing concentrations of benzene up to three 
times its volume and passed through a column of 
aluminium oxide. Elution with 85 per cent acetone 
gave -a concentrated solution of X. Purification 
resulted in @ white crystalline powder melting at 
202°. A very sensitive reaction for X is the formation 
of methoxy-para-benzoquinone mentioned above, 
that is, the addition of iodate in acid medium and 
demonstration of the benzoquinone with aniline (red 
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colour). By chromatographic methods the hydrolysate 
of X was shown to contain glucose and methoxy- 
hydroquinone (MHQ). From this fact and a number 
of other reactions, we concluded that the X substance 
was in all probability a monoglucoside of methoxy- 
hydroquinone. 

We have now succeeded in synthesizing this 


product in the following way : 
; H,0, Venta acetylglucose 
Vanillin ———-—> MHQ —————-———~ tetra 
Ba‘OH), 
acetate of the glucoside of MHQ —————--> gluco- 


side of MHQ. 


This substance, melting at 202° C., did not give 
any depression of melting point when mixed with 
the natural product obtained from germ. Moreover, 
it gave the same reaction with: (1) iodate in pH 3:7 
buffer with aniline; (2) the Ehrlich diazo-reagents; 
and (3) the 2,6 dichloroquinone-chlor-imide. The 
light extinction curves were identical and gave 
maxima for (1) at 5150 and for (3) at 6000 A. As 
toluene sulphonic acid was used as a condensation 
catalyst in the reaction with penta-acetyl-glucose, 
the formation of a $-glucoside structure is highly 
probable. The only thing not definitely settled in 
the structure of X is the place of the glucoside bind- 
ing. This can be either ortho or meta to the OCH,- 
radical. In an analogous way, the glucoside of the 
dimethoxy hydroquinone (XX) was synthesized. 

Neither X nor XX show any improving action on 
wheat dough. This is in contrast with our earlier 
investigations on the improving action of quinones**, 

In analogy to the work of Neuberg® on the glucos- 
idase activity of yeast on arbutine (a glucoside of 
hydroquinone) we found that even in synthetic 
nutrient medium the glucoside linkage of X was 
ruptured by yeast. By chromatographic methods 
the presence of methoxyhydroquinone and glucose 
could be demonstrated. There are a few conditions 
necessary to demonstrate the formation of methoxy- 
hydroquinone, namely, absence of sugar in the 
medium as well as the absence of air and peroxidative 
enzymes. In the presence of oxygen and still more 
quickly in the presence of a peroxidative enzyme and 
oxygen, methoxyhydroquinone will be oxidized to 
methoxy-para-benzoquinone, as can easily be demon- 
strated by the aniline reaction without iodate. 

An emulsion of almonds can also split X, and 
in all probability all leaves containing analogous 
glucoside compounds have a glucosidase capable of 
splitting X. The presence of a giucosidase in the 
germ fraction from the mill can also be proved. This 
must be ascribed to parts of the endosperm. 

The slight red tinge of a germ dough after standing 
longer, or better still after longer contact with yeast, 
is an indication of the formation of methoxy-para- 
benzoquinone. The presence of the glucosidase 
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action in germ (the formation of methoxyhydro- | 


quinone from X) can be demonstrated in aqueous 
enzyme extracts by working in oxygen-free media 
or in media of a slightly reducing nature. By the 
decrease in X with time as well as by spot reactions 
on filter paper with the Ehrlich diazo reagent in 
ammonia vapour or by the reduction of 2,6 dichlor- 
phenol indophenol, the formation of methoxyhydro- 
quinone from X can be followed. In the presence 
of air the methoxyhydroquinone (MHQ) is oxidized 
to methoxy-para-benzoquinone (MPQ), which in its 
turn is partially coupled with an unknown substance 
to produce a red-brown colour. 
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Consequently, the following reaction of X is as 

shown : 
glucosidase 


oxidation 
—_——_—-—> MPQ 
with or without peroxidase 

7”(1) irreversible binding of SH-amino-acids. 
MPQ-(2) reversible oxidation of SH to S—S. 

‘\. (3) deamination to aldehydes. 


—+ MHQ 


Reaction (1) is only possible if hydrogen atoms are 
available at two adjacent carbon atoms of the benzene 
nucleus. Moreover, the demonstration of such an 
enzyme system is of importance for dealing with the 
problem of the physiological function of X. The 
general opinion is that such glucosides are formed 
for storing poisonous substances (in this case methoxy- 
hydroquinone) in physiologically inactive form, 
formed as a by-product of one of the processes of 
plant metabolism. An alternative is that this X 
substance—while in itself physiologically inactive— 
can act (after enzymatic decomposition) as a physio- 
logical agent or regulator of some process occurring 
during certain stages in plant-life. Both methoxy- 
hydroquinone and its oxidation product methoxy- 
para-benzoquinone are substances with marked 
physiological activity. It will probably depend on 
the stage of plant-life which of these two possibilities, 
that is, formation or hydrolysis of X, will occur. 

H. L. BUNGENBERG DE JONG 
W. J. KLAAR 
J. A. VLIEGENTHART 
“De Korenschoof”’ N.V., 
Utrecht. April 3. 
'Vuataz, L., Helv. Chim. Acta, 3, 433 (1950). 
‘Cosgrove, D. J., et al., Nature, 169, 966 (1952). 
* Bungenberg de Jong, H. L., Symposium on Proteins; Ned. Chem. 
Ver., 174 (1938). 
‘Bungenberg de Jong, H. L., Nordisk Cerealkemist-forenings Kon- 

gress, 240 (1946). 

‘Neuberg, C., and Hofmann, E., Biochem. Z., 256, 450 (1932). 


Thyroid Hypofunction and the Development 
of the Central Nervous System 

METHYL thiouraci] depresses the thyroid, and the 
brains of rats made cretinous with this drug grow 
proportionatel® less in length than they do in width 
or height’. Further results of this treatment are that 
myelination is retarded* and that the pyramidal cells 
of the lamina ganglionaris of the sensori-motor cortex 
are smaller and more closely packed than in normal 
animals’. The spaces between the cell bodies are 
occupied for the most part by neuroglia, blood vessels, 
axons and dendrites, and an attempt to find an 
explanation for the closer aggregation of the cell 
bodies in cretins has been made by analysing the 
rate of growth of each of these components. 

It has been found that the volume of glial tissue 
in the cretinous rats was increased rather than 
decreased in relation to the normal, so that a change 
in the amount of supporting tissues does not account 
for the reduced intercellular spacing characteristic of 
the cerebral cortex of the cretin. It has also been 
found that the volume of cortical tissue occupied by 
blood vessels was slightly, though not significantly, 
increased in the brain of the cretins. Decreased 
vascularity cannot, therefore, be the explanation of 
the closer packing of the neurones. There was, how- 
ever, & significant difference between cretins and 
normal animals in the size and distribution of the 
vessels, In general, the number of vessels 5 in 
diameter or smaller (capillaries) was less in the tissues 


NATURE 





403 


of the cretinous than of the normal rats, while the 
number of large vessels (exceeding 5 in’ diameter) 
was significantly greater. The difference was most 
marked in those cortical lamina (3, 4 and 5) which 
are normally the most vascular. Furthermore, there 
was a general increase in the mean size of the blood 
vessels in the tissues from the cretins, notably of the 
capillaries in all laminz, and of the large vessels in 
those lamin nearest the cortical surface. 

Other significant differences emerged from a study 
of the axons and dendrites.. The number of axons 
present in silver-impregnated sections proved to be 
significantly fewer in the sensori-motor cortex of the 
cretinous than of the normal] rats. Furthermore, 
although the mean number of dendrites arising from 
the pyramidal cells in layer 5 (Golgi-Cox preparations) 
was slightly greater in the cretins than in normal 
animals, these processes branched less frequently 
and were significantly shorter. The dendritic fields 
associated with the pyramidal cells were thus less 
dense in the brain of the cretin than in the normal. 
It seems, therefore, that the closer packing of 
pyramidal cell bodies in the tissues of cretinous rats 
can be attributed to a deficiency in the growth of 
neuropil as well as to a retardation in myelination. 

The development of the neuropil is generally 
thought to be a highly significant index of the func- 
tional maturation of the cerebral cortex®*, and a 
disturbance in this respect, superimposed upon the 
disorders of metabolism normally associated with 
hypothyroidism, may therefore be regarded as con- 
tributing largely to the abnormalities of behaviour 
associated with cretinism. 

There is at present little evidence to show whether 
the changes reported here are the direct effects of 
thyroid deficiency on nervous tissues or whether they 
are secondary disturbances. In this connexion, the 
fact that the brain of the cretin is distorted in shape 
is probably significant. This abnormality differs only 
in degree from that which follows hypophysectomy 
during infancy*, a condition which has been attributed 
to a disproportionate growth of the brain and endo- 
cranium resulting from a failure of endochondral 
growth at the basi-sphenoid/pre-sphenoid and spheno- 
occipital synchondroses. Such incompatability in 
growth relationships would tend to increase intra- 
cranial pressure, which, by restricting the venous 
drainage from the brain, might be expected to lead 
to an engorgement of the capillary bed and post- 
capillary drainage channels in a manner consistent 
with the experimental observations reported above. 
Conditions of this kind would inevitably lead to 
stagnant anoxia, which is known to cause severe 
damage to developing nervous tissues‘. 

Medication of cretinous rats with thyroxin results 
in a rapid restoration of somatic growth, and so 
presumably of normal cranio-neural relationships. 
Preliminary studies have shown that the recovery is 
associated with at least a partial restoration of normal 
behaviour, for animals in which the appearance of 
automatic reflex responses had been grossly retarded 
during infancy have, after subsequent treatment with 
thyroxin, learned to run an elevated T-maze at least 
as well as normal, and better than untreated, litter- 
mates’. This finding is unexpected in the light of the 
widely accepted view that the cerebral changes 
associated with thyroid deficiency in man are 
irreversible if therapy is unduly delayed’. A possible 
explanation of this discrepancy is that the maze used 
was inadequate as a test of higher cortical function, 
for medicated cretins have so far failed to perform 
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delayed response tests within the capacity of normal 

rats. On the other hand, the irreversible cerebral 

changes in many human cretins may be due not so 
much to thyroid deficiency as to the coincidence of 
some other congenital defect*. A more detailed 
experimental study of the effect of replacement 
therapy in the cretinous rat should reveal the relative 
importance of genetic and endocrine influence on 
cerebral maturation. 

J. T. Eayrs 
Depariment of Anatomy, 

University of Birmingham, June 12. 

1Eayrs, J. T., and Taylor, 8. H., J. Anat., 85, 350 (1951). 

* Barrnett, R. J., quoted in Pincus, G., and Thimann, K. V., “The 
Hormones,” 2 (Academic Press, Inc., New York, 1948). 

* Conel, J. L., “The Post-natal Development of the Human Cerebral 
Cortex’’, 3, ““The Cortex of the Three-Month Infant’’ (Harvard 
Univ. Press, Cambridge, Mass., 1947). 

‘Krieg, W. J. S., J. Comp. Neurol., 84, 221 (1946). 

* Asling, C. W., Walker, D. G., Simpson, M. E., Li, C. H., and Evans, 
H. M., Anat. Ree., 114, 49 (1952). 

* Windle, W. F., Psychosom. Med., 5, 155 (1944). 

* Eayrs, J. T., and Lishman, W. A. (unpublished observations, 1953). 

* Means, J. H., ‘“‘The Thyroid and Its Diseases’’ (2nd edit., Lippincott, 
Philadelphia, 1948). 

* Topper, A., Amer. J. Dis. Child., 81, 233 (1951). 


Formation of Neurofibrils in the Brain 
of a Human Feetus 28 Weeks Old 


FROZEN sections of formalin-fixed tissue of a human 
foetus 28 weeks old were impregnated with silver, 
using Bielschowsky’s technique to show neurofibrils, 
and stained by other methods. Detailed histological 
findings will be published later. 

Very fine and coarser fibrils were numerous in the 
deepest oné-third of the cerebral cortex bordering the 
central fissure ; elsewhere in the cerebral cortex there 
were &@ few coarse fibrils. Fine and coarser fibrils 
were present also in the cerebral white matter and 
in subcortical centres. Where the production of fine 
fibrils had occurred in the cortex, nuclei were relatively 
large, widely spaced and possessed a more mature 
nucleolar structure than was seen elsewhere in the 
cortex (Fig. 1). Except in occasional instances deep 
in the postcentral cortex, perinuclear cytoplasm was 
not seen either in silver preparations or after staining 
with azur A at pH 4. The globus pallidus also con- 
tained numerous fine fibrils, lying outside nerve cells 
in the cytoplasm of which neither Niss] substance nor 





Fig. 1. Cerebral cortex ar oo neurofibril method. 
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Fig. 2. Globus pallidus, same method. 


(x 1000) 


neurofibrils were demonstrable (Fig. 2). The latter 
structures, although not Niss] substance, were seen 
in the same preparation within occasional nerve cells 
in the external reticular nucleus of the thalamus, 
There was no demonstrable continuity between intra- 
and extracytoplasmic fibrils. 

Extracytoplasmic fibrils were thus already present 
in large numbers. Centres from which afferent fibres 
might have originated (to cortex, lateral part of 
thalamus ; to globus pallidus, putamen and thalamus) 
were, on the other hand, markedly immature. For 
these reasons the possibility of more than a very few 
of the observed extracytoplasmic fibrils being axonal 
terminals could not be entertained. 

The histological differentiation of neurones is 
thought to correspond to the onset of nucleoprotein 
synthesis by the maturing cells'. Fibrillogenesis in 
the central nervous system may therefore be the 
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precipitation of a fibrous protein within an intercellu- 7 
lar substance such as exists in membranous connective © 


tissue*, elaborated in this instance by developing | 


nerve cells. Ultra-microscopic appearances suggest 


the presence of a similar ground substance in the | 


adult mouse cerebral cortex’. 


The fibres which have been described probably | 
serve as a framework for subsequent neuronal (| 
development in the growing brain. Chemical changes | 


attending their production are not known. A study 
of the metabolic aspects of their origin might 
form a link between observed histological phenomena 
and protein synthesis. 
M. C. H. Dopeson 
Burden Mental Research Department, 
Stoke Park Colony, 
Stapleton, Bristol. May 28. 


1 Hyden, H., ““Genetic Neurology,” ed. Weiss, P., Chicago, 177 (1950). 
* Day, T. D., Nature, 162, 152 (1948). 
* Dodgson, M. C. H., Nature, 162, 253 (1948). 


Neurohemal Organs in Crustaceans 


A NUMBER of structures of nervous origin in the 
higher Crustacea have recently been described under 


a variety of names, although they show a unity of 7 


structure and possibly of function. We wish to 
propose, tentatively, a common name to denote 
organs of this type in crustaceans, in order to avoid 
a needless multiplicity of names for organs which 
have many features in common. 
the sinus gland of the eyestalk’” ; 
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distalis of the X-organ of the eyestalk**; the sinus 
plate or post-commissural organ of the tritocerebral 
region’; the pericardial organs of decapods*; the 
dorsal lamelle of the pericardium of Squilla and the 
associated system of dorsal trunks’; the transverse 
bar in the ventral blood sinus of the sixth thoracic 
segment of Squilla and the associated system of 
median connectives*; the apparatus nervi dorsalis 
cordis of the crayfish®; the neuropiles, or punctate 
substance, which extend over the ligaments of the 
heart in Palinurus and Scyllarus"®. 

Each of these structures consists of the endings 
of nerve fibres, located in or alongside the walls of 
blood vessels or blood cavities, or even in the blood 
itself. The authorities cited in the list above are not 
always those who first described the organ concerned 
but who showed that it had this nature. The nerves 
running to these organs, are, apparently always, 
efferent, but do not supply any muscle; the organ 
to which they run is formed mainly from their own 
endings. The first five listed have been shown to 
contain hormonal material'*-!!; the function of 
the others is unknown; it may be that they, too, 
are endocrine organs. 

It seems preferable to call these organs by some 
purely topographical name which does not denote 
any function, actual or supposed. The adjective 
‘neurohemal’ seems to us to be the most appropriate 
topographical name denoting the common feature of 
these organs. The organs may thus be referred to 
collectively as neurohzemal organs, while the adjective 
may be combined with any of the pre-existing names 
for these various organs, as, for example, ‘the post- 
commissural neurohzemal organ’ and ‘dorsal neuro- 
hemal lamella’. 

The neurohemal organs of the higher Crustacea 
are of two chief kinds. The first type Alexandrowicz 
has referred to as ‘neuropiles’, in which the organ is 
made up of fine, ramifying nerve-endings, between 
or along which are found numerous small droplets. 
The post-commissural neurohzmal organ, the trans- 
verse neurohemal bar, the dorsal neurohzemal 
lamella, the pericardial neurohzemal organs and the 
neurohemal organs of the heart ligaments are all 
neurohemal neuropiles. Certain authorities in con- 
versation have objected to the use of the term 
‘neuropile’ in this context on the grounds .that it 
was coined to describe areas in the central nervous 
system. It is true that the term was first used in this 
way; but standard definitions of the word, such as 
that of Hanstrém'*, give it a purely descriptive 
significance with no topographical connotations. We 
may distinguish between the well-known central 
neuropiles and these less-known peripheral neuro- 
hemal neuropiles which, however, still come within 
the definition of the term ‘neuropile’. The second 
type of neurohzemal organ is believed to be made 
up of enlarged nerve-endings. The sinus gland, the 
neurohemal portion of the X-organ and the apparatus 
nervi dorsalis are neurohemal organs of this second 
type. 
We feel that the term neurosecretory organ or 
system should be reserved for the entire complex, 
comprising nerve cell bodies, nerve fibres and neuro- 
hemal organ, which produces, transports and releases 
the neurosecretion ; it should not be confined to or 
used for a neurohemal organ by itself. Under this 
terminology, the complex pars ganglionaris X organi, 
sinus gland tract and sinus gland form a neuro- 
secretory system, and sinus gland itself is a neuro- 
hemal organ. 
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A neurohemal organ is therefore defined as a 
crustacean organ composed of a group of nerve- 
endings bearing close spatial relationship to the 
blood-vascular system. 

This proposed nomenclature has been discussed at 
the recent symposium on neurosecretion held at the 
Zoological Station, Naples, during May this year, 
and received general support. 

Davip B. CaRLISLE 
Marine Biological Laboratory, 
Plymouth. 
Francis G. W. KNOWLES 
Marlborough College, 
Wilts. June 10. 
1 Bliss, D. E., and Welsh, J. H., Biol. Bull., 108, 157 (1952). 
* Passano, L. M., Anat. Rec., 111, 502, 509 (1951); 118, 460 (1952). 
* Carlisle, D. B., and Passano, L. M., Nature, 171, 1071 (1953). 
‘ Carlisle, D. B., Pub. Staz. zool. Napoli (in the press) and unpub- 
lished observations. 
* Knowles, F. G. W., Proc. Roy. Soc., 141, 248 (1953). 
* Alexandrowicz, J. 8., J. Mar. Biol. Assoc.. U.K., 31, 563 (1953). 
7 Alexandrowicz, J. 8., Pub. Staz. zool. Napoli, 24, 29 (1953). 
® Alexandrowicz, J. 8., Pub. Staz. zool. Napoli, 23, 201 (1952). 
* Alexandrowicz, J. 8., Folis morph. Warez., 1, 37 (1929). 
1° Alexandrowicz, J. 8., Quart. J. Micro. Sci., 75, 181 (1932). 
41 Alexandrowicz, J. 8., and Carlisle, D. B., J. Mar. Biol. Assoc., U.K., 
82, 175 (1953). 


 Hanstrém, B., ‘“‘Vergleichende Anatomie des Nervensystems der 
Wilbellosen Tiere’’ (Berlin, 1928). 


A New Method for determining the 
Transition Temperature of Insect Cuticular 
Waxes 


BEAMENT? has described three methods for 
determining the transition temperature of insect 
cuticular waxes. For studying the influence of 
culture temperature on the transition point of the 
waterproofing wax in insect eggs, however, none of 
these methods is suitable, since either (a) the de- 
terminations are made on batches of several eggs, 
so that individual variation is obscured, or (b) the 
end-point is not sharply defined. 

Preliminary experiments have now been carried 
out, using an electrical method which it is believed 
is capable of giving results accurate to + 0-1°C. 
The material used was three-day old eggs of Rhodnius 
prolixus, which have a waterproofing wax layer inside 
the chorion ; but the method is readily adaptable 
to other types of material. 

A fine capillary filled with M/10 potassium chloride 
solution is sealed into the egg. A non-polarizing 
electrode leads from this capillary, and another non- 
polarizing electrode from the vessel of M/10 potassium 
chloride solution in which the egg is immersed. The 
vessel is heated slowly by suspending it in a water- 
bath, while an externally applied potential difference 
is maintained between the two electrodes; the 
current flowing across the egg membranes is noted 
as the temperature rises. 

Over a range of 2 deg. C. on either side of the 
transition temperature, the curve of current/tempera- 
ture obtained is similar to the permeability/tempera- 
ture curves obtained by Beament*, suggesting that 
in this connexion current (which is proportional to 
ionic permeability) may be used as an indication of 
the water permeability at a given temperature. The 
transition temperature may be defined as the point 
on the curve where d*%/dZ7* is maximal, at which 
point it is considered that the greater part of the 
components of the wax layer passes through the 
transition. 
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Values of the mean transition temperature for a 
number of eggs from each of three cultures agree 
broadly with those obtained by Beament. 





Mean transition 


of 








} Material. Eggs from : temperature (° C.) 
(a) °° kept for 3 weeks at 23° C. 41°64 + 0-13 
| (b) 2° cultured at 28°C. 42-28 + 0°20 
| (ce) 2% kept for 8 days at 32°5° C. 42°43 + 0°12 
J 
The differences between the mean transition 


temperatures are statistically significant at 0-01 per 
cent. 
P. J. JuveE 
Department of Zoology, 
Cambridge. May 4. 
1 Beament, J. W. L., J. Exp. Biol., 21, 115 (1945). 
* Beament, J. W. L., Proc. Roy. Soc., B, 188, 407 (1946). 
* Beament, J. W. L., Bull. Ent. Res., 39, 4, 467 (1949). 


Radioautographic Study of the Localization 
of Tobacco Mosaic Virus Antigen 


THE localization in animal tissues of injected 
antigens has been, during recent years, the object 
of a great number of investigations in order to identify 
the cells responsible for antibody production. This 
problem is related to the more general one of the 
localization and mechanism of’ protein synthesis. 

An important contribution to these studies has 
come from the use of chemically’ and isotopically 
labelled antigens. Antigenic iodoproteins labelled 
with iodine-131 have been used in most cases* and 
their localization in liver mitochondria has been 
established by Haurowitz and Crampton‘. Libby 
and Madison® have, on the other hand, used as anti- 
gens tobacco mosaic virus labelled with phosphorus-32 
and found that they were localized chiefly in the 
liver, but also in the spleen; this reaction is related 
to the production of antibodies. However, these 
investigations have not definitely clarified the nature 
of the specific cell-types responsible for antibody 
production: some authors? emphasize the role of 
the reticulo-endothelial tissue (young reticular ele- 
ments, histiocytes, plasma cells, macrophages) ; but 
others believe in the major contribution of lymphoid 
cells®®, 

The method used for our investigations was as 
follows. Radioactive tobacco mosaic virus was 
crystallized from infected leaves grown in an atmo- 
sphere of carbon-14 dioxide ; a concentrated solution 
(+ 10 mgm. containing 32-000 c/m.) was injected 
intravenously into mice. Blood was collected at 
different intervals and, in the case reported here, the 
mouse was killed on the fourth day after the injection. 
The tissues were fixed in acetic alcohol, embedded 
and sectioned at 6u. Blood and bone marrow smears 
were fixed with methanol. Both the histological slices 
and the smears were covered with photographic emul- 
sion ‘in gel form’ (G, Ilford) 40 » thick, when dried. 

This method makes it possible to localize in- 
dividual beta-ray tracks coming from the carbon-14. 
After 2-6 days exposure, the slides were developed 
in amidol-sulphite at pH 7-8 and fixed in 30 per 
cent saturated hyposulphite. Histological sections 
were stained with methyl green—pyronin, and the 
smears with Giemsa solution. It was found that a 
preliminary treatment in 75 per cent ethanol increases 
considerably the diffusion of the dyes through the 
emulsion. 
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Plasmoblast in the bone marrow with numerous tracks 
emitted by the cytoplasm only 


Fig. 1. 

The following experimental results were obtained. 

Blood. Beta-ray tracks were counted in smears 
prepared at different times after injection ; radio- 
activity of the cells fell to 50 per cent of the initial 
value after 3 hours, and afterwards this drop was 
much slower. After 48 hours, one-third of the initial 
activity was still found. This pattern was confiimed 
by direct counts in a Geiger-Miiller counter. No 
tracks were observed in either red or white blood 
cells ; apparently virus remains in solution without 
being incorporated in the corpuscles. 

Bone marrow. Cells of the granulocytic or erythro- 
cytic lines do not contain any activity. On the 
contrary, the reticular cells (young reticular elements, 


histiocytes, plasma cells) are highly radioactive. The | 


beta-ray tracks are of cytoplasmic origin (Figs. | 
and 2). Observation of the other tissues demonstrated 
that spleen had the highest activity ; liver was also 
very active. Conversely, incorporation was much 
less in the lymph nodes, kidney and lungs, and 
scarcely detectable in muscle. 

Spleen. Cells of the red pulp and of the venous 
endothelium fixed a considerable amount of antigen. 
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Young reticular cell of bone marrow with f-ray tracks 
coming out of cytoplasm 





Fig. 2. 
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(a) red pulp ; (b) quadrant of a 


Region of the spleen : 
lymphocyte follicle (white pulp); (c) central area of the follicle 


Fig. 3. 


Young reticular elements having a highly basophilic 
cytoplasm were found to be the most active. The 
radioactivity of the lymphoid follicles was only 
slightly above that of the background. However, 
in the centre of the follicle, where younger and larger 
cells were found, there was a measurable incorpora- 
tion (Fig. 3). 

Liver. Numerous beta-ray tracks were found in 
the Kuppfer cells, and also in the hepatic cells, most 
of which were proximate to the portal spaces. Here 
also, most tracks originated from the cytoplasm ; 
however, some rare nuclei appeared to emit electrons. 

Lymph nodes. Radioactivity 
was considerably less than in the 
spleen and liver and chiefly local- 
ized in the endothelial cells of the 
sinuses. 

Kidney. Although the kidney 
was found to be slightly radio- 
active, it has not been possible ? 
to determine if this activity 
crossed the glomerular barrier. Arr pe merece: 

Lung. This was also found to 
contain weak activity, mainly 
localized in the connective and \ 
vascular tissue. 6 

In conclusion, these observa- % 
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Water Currents through Permeable 
Gravels and their Significance to Spawning 
Salmonids, etc. 


FIELD observations using soluble dyestuffs intro- 
duced in crystalline form have demonstrated the 
existence of a well-defined flow of water beneath the 
river-bed at such sites as are chosen for the redd 
by spawning salmon and trout. Situations where 
the gravel is consolidated beneath the surface are 
avoided. These observations have considerable 
interest both as regards ‘selection’ of spawning sites 
calculated to afford adequate aeration for ova and 
alevins and, in a wider context, in the ecology of 
various invertebrates or their larve'. 

It has been found possible to demonstrate the rela- 
tive values of these currents in a model pool by means 
of a series of manometers arranged in a specially 
designed tank (see accompanying diagram). 

Manometers, based on the well-known Pitot 
apparatus for measuring current velocities, are set 
up so that one limb of each manometer penetrates 
the gravel bank. The height of the contained water 
column thus depends on the downward-flowing current 
in the gravel. The other limb of each manometer rests 
in the relatively static water in the middle of the pool. 
A control manometer (A’) with two ‘static’ limbs is 
also set in position. An indication of the relative 
strength of the currents at various points in the pool 
is obtained by comparison of the heights of the water 
columns in each manometer. The readings obtained 














tions allow us to conclude that 
the tobacco mosaic virus injected 
intravenously as an antigen is 
chiefly concentrated, after four 
days, in the spleen which is en- * 
larged. The young and highly 
basophilic elements of reticular 
origin, which are considerably increased in number, 
seem to play a predominant part in the early steps 
of the antigenic reaction. 
We are greatly indebted to Prof. R. Jeener for 
the preparation of labelled tobacco mosaic virus. 
F. Gavosto 
A. FIcg 


limbs ; C, lim 


Laboratoire de Morphologie animale, 
Université libre de Bruxelles. June 1. 


‘Sabin, F. R., J. Exp. Med., 70, 67 (1939). 

‘Coons, A. H., and Kaplan, M. H., J. Exp. Med., 91, 1 (1950). 

‘Warren, 8., and Dixon, F., Amer. J. Med. Sci., 216, 136 (1948). 

‘Haurowitz, F., and Crampton, C. F., J. Immumnol., 68, 73 (1951). 
Crampton, C. F., and Haurowitz, F., Fed. Proc., 10, 405 (1951). 

‘Libby, L., and Madison, C. R., J. Immunol., 55, 15 (1947). 

"Fagreus, A., Acta Med. Scand., 180, supp. 204 (1948), 

‘Ehrich, W. E., and Harris, T. N., J. Exp. Med., 76, 335 (1942). 

‘Harris, T. N., Grimm, E., Mertens, E., and Ehrich, W. E., J. Ezp. 
Med., 81, 73 (1945). ‘ 


A, Manometers showing height of water columns ; 
bs inserted 
G, surge chamber ; H, overflow to pool ; J, overspill ; K, outflow from tank ; LZ, movable 
block for adjusting gradient. 


Diagrammatic section through model pool. 
A’, control manometer ; B, static 
in gravel; D, gravel bank; FE, pool; F, inflow from mains; 


The broken lines in the gravel bank indicate the paths of 
the current 


from these manometers show that the currents 
through the gravel are remarkably consistent and 
the water columns are not subject to the rapid 
fluctuations associated with the Pitot tube used in 
the normal fashion. The apparatus has been found 
to be equally effective in a natural pool, and its use 
in the field seems likely to provide an accurate assess- 
ment of natural spawning facilities. 

It can be\shown that these currents are dependent 
chiefly on the gradient from one pool to the next 
and not on the velocity of the stream. The mano- 
meter readings indicate clearly that the strongest 
current through the permeable gravel occurs below 
the apex of the gravel mound and that the currents 
decrease in strength towards the middle of the pool, 
where they cease. 

The model has demonstrated further that these 
currents are more positive than had been hitherto 
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realized and also, by the use of dyes and other 
materials, that their direction. downwards through 
the gravel is approximately at right angles to its 
surface, irrespective of the gradient of the gravel bank. 

The influence of these currents on the distribution 
of the bottom fauna and flora is being investigated, 
but it is evident that incubating ova and developing 
larvee of salmon, trout and minnows are thus provided 
with the maximum aeration possible. 

Further indication of the biological significance of 
these currents has been obtained incidentally by the 
successful spawning of minnows (Phoxinus phoxinus, 
L.) in the experimental tank, no previous record 
of which is known to me. The ova deposited at 
the surface of the gravel became lodged in the 
gravel bank, presumably by the action of the down- 
ward currents, and some thousand fry have since 
been reared in this tank. A full account of this 
work will be published elsewhere. 


T. A. SruarT 
Brown Trout Research Laboratory, 
(Scottish Home Department), 
Faskally House, 
Pitlochry, Perthshire. 
Aug. 4. 


* Stuart, T. A., Sci. Invest. Freshwat. Fish. Scot., § (in the press). 


Frequency of Moulting in Anura 


THERE appears to be no accurate information 
available on the frequency with which the Anura 
moult. In his recent monograph on the British 
Amphibia, Smith’, discussing the habits of Bufo bufo 
(L.), writes : ‘“Periodically the skin is shed, certainly 
several times in the course of @ summer. Gadow 
states that they shed it every few weeks, but this 
surely is an overstatement’’. 

We have investigated the frequency of moulting 
in two species of Bufo and one species of Breviceps. 
The method employed was simple. The animals were 
kept in isolation in boxes with a dish of water. A 
small area of the back was painted with Gestetner 
correcting fluid. This mark comes away with the 
cast at the time of moulting, which can thus be 
accurately determined. There is no evidence that 
the fluid has any adverse effect upon the animals. 
Observations were made every twelve hours and the 
animals were maintained at a constant temperature 
of 20°C. The results obtained are summarized in 
the accompanying table. 








Breviceps 
Bufo regularis | Bufo carens 
Reuss Smith Peters 
Mean duration of 
intermoult (days) 68+0°1 4340-1 6740-2 
Maximum and mini- 7 
mum values (days) 3°5-9°5 3-0-6°5 4-0-6°5 
No. of animals 80 16 4 
No. of observations 
on each animal 6 5 5 




















It will be seen that the moulting of these three 
species is @ much more frequent event than had 
hitherto been suspected. Preliminary observations 
on Rana oxyrhyncha Smith, Rana umbraculata Bush 
and Xenopus levis Dandin indicate that these largely 
aquatic species moult about once a week; but no 
satisfactory method of marking has yet been de- 
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veloped which allows accurate quantitative state- 
ments to be made. 

A fuller account of these results, together with 
observations on the influence cf environmental and 
other factors on moulting, will be published elsewhere. 

Sonya BouweEr* 
D. W. Ewer 
Curve SHIFF 
Department of Zoology, 
University of Natal, 
Pietermaritzburg. 
April 16. 

* Bursar of the, South African Council for Scientific and Industria] 

Research 


: Smith, M., “phe British Amphibia and Reptiles’* (Collins, London, 


Use of X-Ray Stereoscopy for examining 
Shipworm Infestation in vivo 


THE ravages of the shipworm, T'eredo sp., particu- 
larly in warmer seas, are notorious. In order to 
combat these attacks several methods of control are 
in use. The pretreatment of timber by creosote, 
preferably under pressure, is normally recommended, 
though other compounds have also been employed. 

Prerequisites to the development of improved 
treatments are: (a) a knowledge of the habits of 
the larval Teredo, its method of entry and selection 
of points of attack; (b) the growth and behaviour 
of the adult ; (c) a reliable method of assessing attack 
by Teredo on experimentally treated wood blocks. 

Since the Teredo enter the wood as minute larve, 
and remain inside, they are scarcely noticed until 
the block falls to pieces as a result of their activity. 
Assessment or examination of the extent of attack 
before this occurs normally involves opening up the 
wood, as, for example, by planing off the surface’. 
This inevitably terminates the experiment. 

Although as early as 1924 a photograph of heavily 
infested wood taken by means of X-rays was pub- 
lished by the National Research Council, Washington’, 
the idea does not appear to have been put to practical 
use. It is therefore hoped that the details given below 
will be of assistance to workers investigating measures 
of control. 

In the course of work carried out during the past 


three years on the efficacy of various methods of | 


treatment of experimental wood blocks we have 
used X-rays for in vivo examination of T’eredo without 
causing them or the blocks any injury. This has 
allowed us to follow the growth and boring habits 
of individual shipworms from the time of their initial 
settlement in the wood. 





Radiograph of one half of a pine block showing (a) newly settled 
deus tho Sain ond (ehingnow tenting 0s the binak odes, Te" 
e grain, and (c) burrow turning at the ge. 
thirds natural size 
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The method depends upon the opacity to X-rays 
of the two reduced valves or head plates at the 
ith anterior end of the animal, the posterior accessory 
nd pallets, and the calcareous lining which it secretes 
se around its burrow in the wood. Since even the 
minute valves of the newly settled larve show up 
clearly (Fig. a) the actual onset of the attack is 
revealed immediately. Later radiographs show the 
extent of the infestation, the position of each animal 
and its tube being sharply defined against a back- 
ground formed by the grain of the wood. 

: A low-power mobile X-ray set was chosen for this 
tial — work as the tube had low inherent filtration and a 
l-mm. focus, ample contrast and resolution being 
obtained on Ilfex film at 40 kVp., with an exposure 
of 10 mA./sec. at 30 in. focus-film distance. Using 
the same film, the work is possible with the smallest 
; portable set obtainable. Infected blocks were scraped 
clean of surface growths and photographed in the 
laboratory, lead numerals serving to identify the 











oh blocks and to indicate a reference plane. The blocks 
to were replaced in the sea within a few hours of re- 
re moval for examination. In this way it has been 
te, possible not only to follow the whole course of attack 
od, in series of experiments on infected blocks, but also 
od. to obtain information on the times and preferred 
ed positions of settlement, on growth-rates, and growth 
of habits. 
on With wooden blocks 4-1 in. in thickness it was 
ur | found desirable to introduce stereoscopy in order to 
ck interpret the arrangement of the burrows. A degree 
_ of hyperstereoscopy was achieved by moving the 
®, ||  stereofilm changer along a track parallel to one side 
til ~~ of the film through a distance equal to one-sixth of 
'Y- the focus-film distance instead of the normal one- 
ck | tenth. This gave an apparent 50 per cent increase 
he |) in depth in a Wheatstone stereoscope ; with greater 
e. hyperstereoscopy there was a risk that the con- 
glomerate images of heavily infected wood might be 
lly |) difficult to dissociate. In some instances fiduciary 


ib- [) wires were placed along the two sides of the picture 

n*, [> space to indicate a surface plane and to measure 
shadow shifts if required. 

Stereographs of heavy infestations taken by this 

means give a remarkable effect, the tubes being seen 

in three dimensions intertwined among each other, 








ast yet every tube quite isolated from its neighbours. 
of | A paper giving further details of the use of this 
ve technique is in course of preparation and will be 
ut published shortly. 

oo D. J. Crisp* 

its 


l Marine Biology Station, 
ial “" University College of North Wales, 
Bangor. 
L. W. 
Imperial Chemical Industries, Ltd., 
Paints Division, 
Marine Research Station, 
Brixham. 


G. JONES 


RR SATAN sR RR. 


Soccer 


W. Watson 
Messrs. Ilford, 
Tavistock House, North, 
Tavistock Square, 
London, W.C.1. 
Pe ne Hee ch Station, an mom Industries, Ltd., Paints Division, 


‘Isham, Hilary B . and Walton Smith, F. G., 
: “Billetin of Marios ® bebenee of the Gulf and Caribbean’’, 1, No. 2, 
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* Attwood, W. D., and Johnson, A. “Marine Structures: their 
Deterloration and Preservation’’, vi 13, p. 28 (National Research 
Council, Washington, D.C., 1924) 
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Occurrence of Phoronis milleri in the 
Irish Sea 


THE recent discovery of Phoronis miilleri de Selys 
Longchamps off the west coast of the Isle of Man 
appears to constitute the first British record of the 
adult of this species; according to de Selys Long- 
champs, the larva of Phoronis miilleri is Actinotrocha 
branchiata J. Miller, which he states has been found 
at Millport, St. Andrews, Plymouth and Valencia’. 

There have been no previous records of adults of 
any species of Phoronis in Manx waters ; but larve, 
recorded as “‘Actinotrocha sp.”, were found in Port 
Erin Bay from June to August 1899%. The discovery 
of the adult Phoronis miilleri was made during 
quantitative investigations of the offshore polychete 
fauna in November 1952. It was found to be common 
in muddy sand at depths of 37-62 m., and to occur 
occasionally down to 74 m. in an area between four 
and seven miles west of the Niarbyl. 

Phoronis miilleri was first described from Heligo- 
land, where it was found in muddy sand at 35-37 m.'. 
It was next recorded from the west coast of Sweden, 
again from muddy sand, at all depths from 9} to 
53 m.*. The latest record of which I am aware is 
from Danish waters, where some post larve were 
found west of the Island of Ven in thé @resund, at 
@ depth of 16 m.‘. 

Unlike the two other British species (Phoronis 
hippocrepia Wright and Phoronis ovalis Wright), 
Phoronis miilleri is not colonial and does not bore into 
dead shells. It builds a tube of sand up to 80 mm. 
long by 1 mm. wide which stands vertically in the 
substratum. The species may be distinguished from 
all others of the genus by the shortness of the tentacles 
on the oral side of the lophophore’*. 

It appears that Phoronis miilleri is restricted to 
offshore grounds of muddy sand, and it is probable 
that it will be found to be more widely distributed 
than it is known to be at present. 

Eve C. JUDGES 

Marine Biological Station, 

Port Erin, 
Isle of Man. 
April 7. 


1de Selys Longchamps, M., Wiss. Meeresunters., 6 (Abt. Helgoland), 
1 (1903). 


* Chadwick, H.C., Ann. Rep. Mar. Biol. ‘., Port Erin, 13, 32 (1899). 
* Gustafson, G., Arkiv for Zoologi, 28B, 1, 1 (1935). 


* Brattstrom, H., Kungl. Peete. Sala, Handlingar., N.F., 54, 2, 
16 (1943). Thorson, G., Medd. Komm. Danmarks Fiskeri-og 
Havunders., Ser. Plank., 4, 1, 153 (1946). 


Fluorine Tests in Australia on the Keilor 
Skull and a Tertiary Marsupial 
The Keilor Skull. The application of the fluorine- 
phosphate method described by Oakley and Hoskins? 
for determining the relative ages of fossils has shown 
that the Keilor Skull from near Melbourne is a true 
fossil, and its age that of the terrace in which it was 


ZoE X 100 for the skull is 2-0, and 
YP 20s 
of other fossils found in situ in the terrace 1-9, 1-5 
and 2-9. Different parts of a rat skeleton gave 3-8 
and 4-4—higher than anticipated, and due to low 
percentage of phosphate. I am indebted to Mr. 
W. R. Jewell, chief chemist, State Laboratories, 
Melbourne, and his staff for carrying out the analyses. 
The various terraces at Keilor can now be recog- 
nized by their lithology, their spatial relationships 


found. The ratio 
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and their soils. There are remnants higher than those 
reported earlier?. The Keilor Terrace is not as old 
as originally estimated, for a prominent diastem in 
the Keilor Terrace runs also at the same height 
through the Braybrook Terrace. The two terraces 
have the same lithology and the same soil, so the 
Braybrook Terrace is but a partly eroded Keilor 
Terrace. 

In addition to the evidence of the fluorine test, it 
is concluded that the Keilor Skull could not be a 
burial because even on present levels it would mean 
an excavation of 9 ft. from the surface of the terrace 
or 25 ft. from the bank of Dry Creek. Also one 
would expect to find much more than the skull if a 
comparatively recent intrusive burial had occurred. 
Deposition of the Keilor flood-plain has nothing to 
do with eustatic sea-levels, in my view, but was a 
function of restriction by the narrow winding gorge 
at the downstream end of the flood-plain in a time of 
higher rainfall. Since then, the river has cut down 
to bedrock, deposited the Maribyrnong Terrace, and 
the sediments of the Keilor Terrace (including the 
Braybrook Terrace) have been oxidized. In the 
lower part of the Maribyrnong River (from the banks 
of which the Keilor Skull came), deposits associated 
with eustatic. changes of sea-level have been traced 
for more than eleven miles along the river, and 
the relationship of these to the terraces is under 
investigation. 

An official police inquiry has shown that there was 
not @ second skull as earlier reported’. The mis- 
understanding arose apparently from lack of know- 
ledge of bones by the sand contractor who signed the 
statement. | War-time conditions precluded full 
investigation at the time. Even if the Keilor Skull 
had proved to be a burial, the charcoal, calcined 
bones, red ochre and implement found together in 
the terrace (apparently associated with the diastem) 
provide sufficient evidence of human occupation at 
the time the Keilor Terrace was being deposited. The 
skull was a few feet from the lenticle of charcoal, 
etc. 

Tertiary Marsupials. A fragmentary ramus of the 
mandible of a marsupial was found some years ago 
in a Lower Pliocene marine shell bed near Hamilton, 
Victoria. The fluorine test, foraminifera and matrix 
obtained from a tooth cavity and around the base 
of a tooth, and the circumstances of collection all 
combine to establish the validity of this important 
fossil. A well-preserved third molar tooth is hypsodont 
and sharply bilophodont, showing the typical special- 
ization for the grassland habitat. It is a Macropus 
in the wide sense, and proves that the Macropodide 
did not evolve in the late Tertiary (cf. ref. 4, p. 12). 

In a fossil podsol soil with Tertiary plants in 
position of growth, overlying the marine beds from 
which came the Macropus, and sealed off by a basalt 
flow, I have found an upper molar of a cuscus. The 
soil is almost certainly of Upper Pliocene age’. A 
subtropical rain-forest environment is suggested by 
both the cuscus and the associated flora. 

The known Australian Tertiary marsupials are 
now therefore three in number, namely : 








Period Fossil Habitat 
Upper Pliocene Cuscus Rain-forest 
Lower Pliocene Macropus Grassland or 
(kangaroo) open forest 
Lower Miocene to Upper | Wynyardia bassiana | Forest 
ne (possum) 
(authors vary on age) 
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The first two come from Victoria and the third 


from Tasmania. Two are phylangerids and one a 
macropodid. All are diprotodonts and herbivores, 
All are of sizes comparable with their extant con- 
geners, and the evidence (so far as it goes) suggests 
that the marsupials were small in the Tertiary, giant 
in the Pleistocene, and small again in the Holocene, 
The small forms co-existed with the giant ones in 
the Pleistocene, but in much smaller numbers, 
judging by the number of fossils found. The process 
of switching back to smaller forms appears to be 
still going on, for the bigger kangaroos are tending 
to die out, whereas the small marsupials are thriving. 
Five sites indicate that the Australian aborigines 
were here in the time of the giant marsupials, so 
since then the aborigines have had to adjust them- 
selves to climatic changes, to the attendant vegeta- 
tional and physiographical changes, and to changes 
in their food fauna and flora. 

Full details of the above and associated -investiga- 
tions are being published in the Memoirs of this 
Museum. 

Epmunp D. Gru 

National Museum, 

Melbourne, 
Australia. 
March 12. 


‘ Oakley, K. P., and Hoskins, C. R., Nature, 165, 379 (1950). 

* Keble, R. A., and Macpherson, J. H., Mem. Nat. Mus. Melb., 14, (2), 
52 (1946). 

* Mahony, D. J., Mem. Nat. Mus. Melb., 13, 7 (1943). 

* Raven, H.C., and Gregory, W. K., Amer. Mus. Novit., 1309 (1946). 

* Gill, E. D., Aust. J. Sci., 15 (2), 47 (1952). 


Two Cytological Forms of Polypodium 
virginianum in Eastern North America 


P. virginianum L. is the only representative of the 
P. vulgare complex which is known to occur on the 
eastern seaboard of North America. It has hitherto 
been regarded as a well-characterized species readily 
distinguishable from all others by the possession of 4 
striking type of stellate paraphysis which has been 
intensively studied by Martens! and his collaborator, 
who regard them as modified sporangia. The chromo- 
some number has previously been reported by one 
of us to be diploid?. 

Fig. a shows a metaphase plate obtained in 1953 
from the diploid plant from Halifax, Nova Scotia, 
previously described and figured. The chromosome 
number, as stated, is 37, and one of the characteristic 
paraphyses is illustrated in Fig. b. We have a similar 
diploid plant, obtained afterwards from near Ottawa, 
which was referred to in a later publication? as coming 
from the province of Ontario. This attribution is 
not quite correct, since we have now learnt that the 
original site of collection was ‘‘on the Gatineau river, 
10 miles north of Ottawa’’, and therefore actually 
over the border into the province of Quebec. It is, 
however, also diploid, as stated, and it serves to 
show that this form of the species is probably the 
prevailing one, at least in the regions immediately 
adjacent to the St. Lawrence estuary. 

A third plant of the species posted to us in 1948 
but only recently examined is, however, not diploid. 
It is a tetraploid without quadrivalents (Fig. c), but 
it nevertheless bears stellate paraphyses of the same 
general type as the preceding (Fig. d). They are 


less numerous, being only about four per sorus 
instead of about twenty per sorus, and the cell size is 
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larger. There may be other morphological differences, 
but the range of form in paraphyses of the same plant 
js so varied that precise comparisons are not easy. 
The plant came from ‘‘10 miles north of Kingston, 
Ontario’’. 


(a) (e) 


i 








(d) 


(a) First metotic — of P. virgintanum from sg “y 8 Ay ee 37. 
x 50.) (¢) Diakinesis 
(x 1,000). (d) Sporangia and 


(x 1,000.) (6) Sporangia and a paraphysis of the same. 
in the tetraploid to show absence of quadrivalents. 
paraphyses of the tetraploid. 


(x 50) 

On the basis of only a single specimen of the tetra- 
ploid, we cannot usefully attempt a full morphological 
comparison of the two forms, though it is to be hoped 
that with more ample material it will be possible 
to detect some simple diagnostic differences for 
distinguishing them in the field. We therefore wish 
to direct the attention of local American or Canadian 
botanists to this problem, and we would welcome 
further information or material which might elucidate 
the relative geographical distributions of the two 
forms. 

Their genetical affinity is in the meantime being 
investigated in Leeds. 

I. Manton 
M. Sutvas 
Botany Department, 
University, Leeds 2. July 28. 
*Martens, P., Bull. jard. bot. Brux., 17, 1 (1943). Martens, P., and Pir- 


ate ie La Cellule, 49, 385 (1943). Pirard, N., La Cellule, §1, 155 
*Manton, I., ‘Problems of Cytology and Evolution in the Pterido- 
phyta’”’ (Cambridge, 1950). 

* Manton, I., Nature, 167, 87 (1951). 
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Factors affecting the Regeneration of 
Root-Cuttings 


Roor-currines can be used for the rapid vegetative 
propagation of many plants; but, despite certain 
advantages, the method has not been 
widely employed in British horticultural 
practice, possibly because of its apparent 
uncertainty. Batches of cuttings which 
4 appear to be quite suitable may some- 
times give a high proportion of successes 
and at other times fail completely. 
Recent work on the regeneration of 
root cuttings may throw an interesting 
light on this question. 

Most of the initial work was done with 
raspberries (Rubus ideus L.) of the 
varieties Lloyd George and Malling 
Promise. Roots were dug at intervals dur- 
ing a period of four years from plants up 
to two years old and made into cuttings, 
which were mainly 8-12 em. long and 
2-4 mm. in diameter. The cuttings 
were inserted horizontally in three differ- 
ent environments : namely, heated glass- 
house (58 batches, comprising a total of 
1,507 root-cuttings planted 2-3 cm. 
deep); unheated frames (24 batches, 
648 cuttings, 2-3 cm. deep); and open 
ground in full sun (46 batches, 1,093 
cuttings, 3-5 cm. deep). 

Although all the roots used were 
healthy, usually well-furnished with buds 
and apparently ideal propagating ma- 
terial, the proportion of root-cuttings 
which regenerated varied widely be- 
tween different seasons of the year. 
Most of those taken from May to July 
died, but from August to April a higher 


ae proportion regenerated, and by far the 
» 7 greatest percentage of successes were 
aa from cuttings taken in the winter months. 


2 Such a marked seasonal effect was 
not unexpected. The work of prop- 
agators such as Stewart! at the Royal 
Botanic Garden, Edinburgh, has shown 
that stem cuttings of many species 
regenerate more readily at one season 
than another, and it was therefore 
not surprising to find that roots also showed a 
thythmic seasonal response to propagation by 
cuttings. 

However, further analysis shows not only well- 
marked ‘on’ and ‘off’ seasons for the propagation of 
raspberry root-cuttings but also distinct trends in 
their responses to different environments at different 
seasons. These trends are indicated in the diagram, 
which shows the results of a typical year’s work with 
the variety Malling Promise. Results in other years 
and in experiments with the variety Lloyd George 
have shown similar trends. 

During the ‘on’ season, from autumn to spring, 
the proportion of successes in the glasshouse tends to 
rise to a peak for cuttings inserted during the months 
of January, February and March. On the other hand, 
out-of-doors the peak is reached much earlier, the 
best results being given by cuttings taken soon after 
the beginning of the ‘on’ season, with a decreasing 
proportion of successes from cuttings put in there- 
after. Cold frames provide a micro-climate inter- 
mediate between a heated glasshouse and the open 
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Months of the year (July 1951—June 1952) 
@—@—. Cuttings inserted out of doors; QA—A—., cuttings 
inserted in heated greenhouse 
ground, and cuttings in this environment behaved in 
an intermediate way. 

Thus success or failure in the propagation of rasp- 
berry root-cuttings appears to depend primarily on 
an annual rhythm which may be strongly influenced 
by environment. Cuttings taken during October or 
November are most likely to grow if given natural 
winter temperatures by planting out-of-doors, whereas 
those taken from December to February respond 
better if put in a cold frame, and from March to the 
end of the ‘on’ season the highest proportion of 
successes comes from cuttings put in a heated glass- 
house. Thus it appears that, the later cuttings are 
taken in the ‘cn’ period, the warmer must be the 
environment to promote growth and regeneration. 

The experiments have been extended to include 
the propagation of a wide range of herbaceous and 
shrubby plants by root-cuttings grown under various 
environmental conditions, and it is hoped that the 
work may clarify the position, enabling a higher 
proportion of successes to be obtained, with certainty, 
by the use of root-cuttings. It is too early yet to suggest 
any generalizations, but there are indications of 
well-marked ‘on’ and ‘off’ seasons for the propagation 
of other species by root-cuttings and that the optimum 
temperature conditions for propagation may vary 
from one period to another within the ‘on’ season, 
as in the case of raspberries. The best season for 
propagation may thus depend on the nature of the 
environment into which the root-cuttings are to be 
put to grow. 

The choice and preparation of raspberry root 
material, methods of making and planting the root- 
cuttings, and the subsequent management of the 
plants produced will be described in detail elsewhere. 

J. P. Hupson 
Department of Horticulture, 
University of Nottingham School of Agriculture, 
Sutton Bonington. 
June 13. 
*Graham, R. J. D., Sci. Hort., 4, 97 (1936). 


Diacetyl as a Flower Scent 


A RECENT publication by Derx! recorded diacetyl 
as the cause of the butter-like scent of the flowers 
of Fagrea racemosa Jack. (Loganiacese); another 
case of the same phenomenon can now be recorded. 
This new observation was also made in the Botanic 
Garden at Bogor, Java. A flowering specimen of 
Polyalthia canangioides Boerl. var. angustifolia 
(Anonacez), a beautiful tree, exhaled a heavy odour 
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of fresh butter. Some flowers were tested, with 
positive results, for the presence of diacetyl by the 
method described by Derx. The red, dichroitic, 
crystal needles of dimethylglyoxime—nickel appeared 
within 30 min., so it was concluded that in this case, 
too, the smell of the flowers is caused by diacety]. 
Diacetyl has thus been found in flowers of plants 
belonging to different families. 
JEANE T. DE VRIES 

Koninklijke/Shell-Laboratorium, 

Amsterdam. 

March 11, 


* Derx, H. G., Ann. Bogorienses, 1, 49 (1950). 


Behaviour of a Triticum x Secale Hybrid 
under the Action of Colchicine 


In the spring of 1952 an attempt was made to 
double the chromosome number of a single wheat x 
rye F, hybrid plant with the object of obtaining a 
fertile amphidiploid. In view of the limited material 
available a method of injecting the culms with 0-05 
per cent colchicine was adopted. 

One culm, a little more advanced than the rest, 
was not treated since it was believed that the stage 
of meiosis had already been reached. It grew 
normally and gave a sterile spike typical of F, 
Triticales. The treated culms were injected 5-7 
times, but this was found to be excessive. Growth 
stopped, the last node and subjacent region showed 
c-tumors, and the upper tissues were destroyed and 
no spikes developed. Adjacent, untreated culms 
showed reduction in growth and gave normally 
fertile spikes (see photograph). Presumably colchicine 
had passed from the treated culms to the untreated 
ones and acted on meiosis or on cells just before 
meiosis. 

The original plant was produced by crossing ‘Ardito’ 
wheat (2n = 42) with ‘Petkus’ rye (2n = 14), and 
the appearance of the sterile spikes showed that it 
was a true hybrid. On this basis, the plants 
from the grains produced by the fertile spikes 
were expected to have 56 chromosomes. However, 
in two plants already counted, 42 chromosomes 


were found, and _ one 
of these plants which 
developed to maturity is 
identical with ‘Ardito’ 
wheat. 

In order to explain 


these results, one would 
have to consider the re- 
mote possibility of the 
original ‘plant’ develop- 
ing from two embryos, 
one of which would be 
a true hybrid and the 
other the result of a self- 
pollinated ovule. More 
probably, however, it ap- 
pears that rye chromo- 
somes were lost during 


the divisions under the 
action of colchicine. As 
confirmation of this 1s 


the fact that knobs, which 
are characteristic of rye 
chromosomes, were not 


observed. 
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Assuming that this explanation is correct, we are 
led to conclude that the derived wheat plant is 
completely homozygous since it has resulted from 
the duplication of a gametic set of chromosomes. 
More extensive experiments are now being under- 
taken. 
EpMonp VILLAX 
MicuEt Mora 


Estacéio de Melhoramento de Plantas, 
Elvas, Portugal. 
May 19. 


Photosensitized Oxidation of Alcohols 


REcENT investigations of the photo-oxidation of 
alcohols, sensitized by benzophenone’ and by azo- 
dyes*, while providing valuable information regarding 
the general form of the reaction, do not enable its 
detailed mechanism to be specified. Using anthra- 
quinonoid sensitizers, however, it has been possible 
to obtain diagnostic evidence as to the nature of the 
individual processes concerned. 

Aqueous neutral or acid solutions of the alcohol 
containing small quantities (10-*-10-* M) of anthra- 
quinone 2:6 disodium sulphonate were irradiated 
(Ac. 3650 A.) in presence of oxygen at a shaking speed 
of 600 cycles/min. 

The chief features of the photosensitized oxidation 
of ethanol are : 

(1) The rate of oxygen uptake at constant pressure 
is virtually independent of the reactant concentrations 
but is proportional to the first power of the rate of 
light absorption. Also the quantum yield is approx- 
imately unity and is independent of temperature 
(0-40° C.). Hence a non-chain mechanism is in 
operation. 

(2) The reaction products consist simply of acetal- 
dehyde, acetic acid and peroxide (almost entirely 
hydrogen peroxide). It has been demonstrated 
conclusively that, except at low alcohol concentra- 
tions, acetic acid arises directly from the ethanol ; 
it is not the result of secondary oxidation of the 
acetaldehyde. 

(3) Product yields based on the oxygen absorbed 
by the system are independent of light intensity and 
alcohol concentration, but vary significantly with 
oxygen pressure and sensitizer concentration. The 
limiting conditions are : 


Oxygen pressure Low High 
Sensitizer concentration High Low 
Acid yield 0 per cent 55 per cent 
Aldehyde yield 00 ” 18» 
Peroxide yield 100 ,, 7 » 


(4) The reaction-rate and product yields are 
independent of pH under non-alkaline conditions. 
This, together with other evidence, suggests that the 
photo-oxidation occurs by a free-radical mechanism. 

(5) The anthraquinonoid sensitizer operates by a 
cyclic mechanism; its concentration remains un- 
changed after the absorption of many times the 
equivalent amount of oxygen. At low oxygen 
pressures, measurable quantities of the corresponding 
anthrahydroquinone are produced, indicating that 
the initial attack by the photo-excited sensitizer 
molecule involves abstraction of hydrogen from its 
surroundings. Since this does not occur in absence 
of the substrate, it follows that the hydrogen is 
removed from the alcohol, with the simultaneous 
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production of a semi-quinone radical. At high oxygen 
pressure, this is rapidly re-oxidized to the anthra- 
quinone form; at low oxygen pressure, further 
reduction to the anthrahydroquinone can occur. 

These observations may all be interpreted in terms 
of the following reaction scheme : 


(1) A + hy — A® 
(2) A* +RH —-AH— + R—- 
(3) R— +0, — RO.— 
(4) AH— +0, +A + HO, 
(5) R— +A — AH— + aldehyde 
(6) RO,— + RO,— + 2 acid + H,O, 
(7) RO,— + HO,— — aldehyde + H,O, + O, 
(8) HO,— + HO,— —H,0, + O, 
(9) R— +R— - aldehyde + RH 
(10) R- + RO,— — 2 aldehyde + H,O, 
(ll) R- -+ HO, —-— aldehyde + H,0, 
(12) AH— + AH— —AH,+ A 
H 
RH represents the alcohol, R— the radical R.C—, 
OH 
H 
while RO,— corresponds to R.C— OO— and AH— to 
OH 


the semi-quinone radical. When acid production is 
favoured, reactions (1)—(4) and (6)—(8) predominate. 
Applying stationary-state conditions to this scheme 
it can be shown that : 
(a) To a first approximation over the whole range 
of oxygen pressure and sensitizer concentration : 


Se =C’+cC [4] where C’ and C” are 
(acid yield)? ‘* 2] constants. 

(6) At high [O,] and low [A]: 

Acid yield x 3/2 + aldehyde yield = 100 per cent. 

Acid yield + aldehyde yield = peroxide yield. 

(c) At low [O,] and high [A]: aldehyde yield = 
peroxide yield = 100 per cent. 

The experimental data are in accordance with these 
relationships. 

In many respects the above mechanism resembles 
those established for the autoxidation of unsaturated 
hydrocarbons? and aldehydes‘. The completely 
different kinetic behaviour results from the fact that 
the peroxy-radicals are incapable of abstracting 
hydrogen from further alcohol molecules. Moreover, 
the products are derived almost entirely from the 
inter-radical terminating processes, which make only 
@ minor contribution when reaction chains are being 
propagated. Hydroxy-hydroperoxide and hydroxy- 
peroxides do not figure significantly, among the pro- 
ducts because they readily break down to aldehyde 
and hydrogen peroxide. 

Photo-oxidations conducted in absence of water 
using anthraquinone as sensitizer, and also in aqueous 
solution using hydrogen peroxide, agree with the 
above picture. Similar considerations have been 
applied to secondary alcohols and a-glycols.  #so- 
Propanol, for example, gives the expected 100 per 
cent yields of acetone and hydrogen peroxide at all 
oxygen pressures and sensitizer concentrations ; 
2:3 butylene glycol, however, exhibits the additional 
feature of carbon-carbon bond fission. 

This mechanism is of interest in connexion with 
the phototendering of cellulosic textiles, induced by 
certain anthraquinonoid vat dyes: it suggests how 
hydrogen peroxide® can arise and carbonyl groups 
can be introduced into the cellulose molecule. The 
latter, under the mild alkaline conditions of washing 
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are then sufficient to bring about degradative reactions 
of the type recognized by Davidson’ and recently 
interpreted by Corbett, Kenner and Richards*. It is 
important to emphasize, however, that this represents 
only one aspect of the complex tendering process. 
This work forms part of the programme of funda- 
mental research being carried out by the British 
Rayon Research Association. 
J. L. BoLttanp 
H. R. Cooper 
British Rayon Research Association, 
Barton Dock Road, 
Urmston, Nr. Manchester. 
April 10. 


1 Backstrém, ““The Svedberg Memorial Volume’’, 45 (1944). 

* Blaisdell, J. Soc. Dyers Col., 65, 618 (1949). 

* Bolland and Gee, Trans. Farad. Soc., 42, 236 (1946). Bolland, 
Quart. Rev. Chem. Soc., 3, 1 (1949). Bamford and Dewar, Proc. 
Roy. Soc., A, 198, 252 (1949). 

*Cooper and Melville, J. Chem. Soc., 1984, 1994 (1951). Bawn and 
Williamson, Trans. Farad. Soc., 47, 721 (1951). Mulcahy and Watt, 
Proc. Roy. Soc., A, 216, 10 (1953). 

5 Rieche, “‘Alkylperoxyde und Ozonide’’, 36, 48 (Steinkopff, 1931). 


*Scholefield and Goodyear, Melliand Teatilber., 10, 867 (1929). 
Egerton, J. Teat. Inst., 39, T305 (1948). 

7 Davidson, J. Tezt. Inst., 29, T7195 (1938). 

*Corbett, Kenner and Richards, Chem. and Indust., 158, 462 


(1953); and in the press. 


Salt Interference in Sugar Chromatography 
of Urine 


DvurinG a recent investigation of lactosuria in 
burns! following cutaneous absorption of the lactose 
from penicillin-lactose powder, it was found that 
ascending chromatography of the urine yielded spots 
of considerably lower Ry values than lactose itself. 
0-02 ml. amounts of urine were applied; and the 
solvent consisted of n-butanol 5-7 parts, ethanol 
1-57 parts, water 2-73 parts, and contained 1 per 
cent ammonia solution. The substance obtained from 
these spots, however, when isolated and identified 
by standard chemical procedures, proved to be 
lactose. 

Similar anomalous Ry values could be obtained 
using the organic phase of a solvent system consisting 
of n-butanol 4 parts, water 5 parts and glacial acetic 
acid 1 part. The spots when sprayed with aniline 
hydrogen phthalate or p-anisidine hydrochloride 
showed a lower, more intensely staining region. When 
0-1M sodium sulphate or sodium phosphate was 
substituted for urine, similar results were obtained. 
Sodium chloride (0-2 M) or 2 per cent urea used as 
lactose solvents did not give lowered Rp values. 

Ry values almost corresponding to those of the 
reference substance in water were given in a neutral 
solvent system containing n-propanol 7 parts, ethyl 
acetate 1 part, and water 2 parts. We therefore 
inferred that the phenomenon observed could not be 
entirely explained by hydration. 

To investigate the possibility of compound forma- 
tion, as suggested by the more intensely stained 
region, 2 per cent 
lactose in 0-1 M sod- 
ium sulphate was run 
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tion after loading a cellulose column prepared from | 
Whatman No. 4 paper with lactose in sodium sulphate | 
showed lactose contaminated with salt and pure / 
lactose. The salt-contaminated fractions, when freed | 
from the salt, showed identity with pure lactose. It 
was therefore concluded that no compound or com- 
plex was formed with the salt. 

It is well known that organic acids will migrate | 
in organic solvents either as the free acids or as their | 
ammonium salts’. Definite though low Ry values’ 
are also given by inorganic acids and their salts. 
Duplicate chromatograms of lactose in sodium 
sulphate were run in n-butanol, ethanol and water 
containing ammonia. One was sprayed with bromo- | 
phenol blue in 0-2 per cent aqueous citric acid. It 
was found that the darker-stained area shown when | 
sprayed with aniline hydrogen phthalate corresponded 
to the upper region of the acid spot, which had 
migrated as its ammonium salt. The failure of sodium 
chloride to cause the interference is explained by its 
failure to migrate in the solvent system employed. 

We also investigated whether the anomalous Rp 
values were produced by an initial delay only or by 
a persistent slowing throughout the run. Sugars of 
varying Rp values were chosen and the chromato- 
grams run for 4, 6, 12 and 24 hours under identical 
conditions. The values show that the retardation } 
is less marked the faster the sugar moves, but its” 
relative magnitude is unaffected by time. ‘This 
suggests that there is a persistent interference between | 
the salt and the sugar causing a continuing elongation | 
and fusion of the two spots in the case of slower- | 
moving sugars. 
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In view of this experience, it is suggested that sugar 


} chromatograms of biological material which it might 


(4) | 
| 


be impractical to de-salt should be run in a neutral 
medium. We have found the n-propanol/ethyl 
acetate/water mixture described above highly suit- 
able for separation of reducing sugars occurring in 
biological fluids. 
S. Baar 
J. P. But 
Medical Research Council 
Industrial Injuries and Burns Research Unit, 
Birmingham Accident Hospital, 
Birmingham 15. 
May 9. 
1 Baar, S., and Bull, J. P., Lancet, i, 978 (1952). 
2 Kennedy, E. P., and Barker, H. A., Anal. Chem., 23, 1033 (1951). 


Slow-Neutron Scattering Cross-Sections 
of Magnesium 


Tue bound-atom and the coherent scattering 


| cross-sections of magnesium have been given’ as 
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and 2-4 barns respectively, and it has been 


later measurements. In order to decrease the margin 
of uncertainty, we have re-determined the free-atom 
scattering cross-section. 

The total cross-section of magnesium has been 
measured using the arrangement shown in Fig. 1, 
which selects neutrons in the energy-range 0-5— 
1,000 eV. The number of neutrons scattered by the 
2 gm./cm.? of B,O, or 0-070 in. of polythene is the 
same. Thus, if we denote the counting-rates with 
and without the sample when the polythene (boron) 
is in position by P, (Bs) and P (B) respectively, the 
ratio (Ps — B,/(P — B) will be the transmission of 
the sample for those neutrons which are absorbed 
by the 2 gm./em.* of B,O;. The calculated spectrum 
of these neutrons is shown in Fig. 2, and their cal- 
culated mean wave-length is 0-145 A. (3-9 eV.). Over 
the neutron energy-range covered by this spectrum, 
the absorption cross-section of magnesium is neglig- 
ible‘ and the total cross-section is constant‘, so that 
our measurement is of the free-atom scattering cross- 
section, 

Measurements were carried out with samples of 
magnesium metal and its oxide. The oxygen total 


| cross-section* was subtracted from the magnesium 


oxide cross-section. The results obtained were 3-53 + 
0:14 and 3-49 + 0-12 barns from the magnesium 
and magnesium oxide measurements respectively. 
The mean value is 3-51 + 0-09 barns. This yields 


_ a calculated bound-atom scattering cross-section of 


3:82 + 0-10 barns compared to 3-8 + 0-2 quoted 
in ref, 4, . 

The coherent scattering cross-section has been 
determined recently by the neutron diffraction? and 
the mirror’ techniques, values of 3-4 + 0-14 and 
3-7 + 0-15, respectively, being obtained. If the mean 
of these values is subtracted from our value for the 
bound-atom cross-section, a value of 0-27 + 0-14 

_Cd_ FILTERED. 


NEUTRON BEAM FROM U 





THIN BF3 


Fig. 1. Experimental arrangement 
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Fig. 2. Neutron wave-length spectrum 
barn is obtained for the incoherent cross-section. 
This result is consistent with the direct measurements 
of Squires? (0-11 barn) and Egelstaff* (0-08 + 0-02 
barn) of the incoherent cross-section. Thus the values 
of the scattering cross-sections of magnesium are now 
in better agreement. 
P. A. EGELSTAFF 
R. JACKSON 
Atomic Energy Research Establishment, 
Harwell, 
Nr. Didcot, Berks. 
June 8. 
1 Shull, C. G., and Wollan, E. O., Phys. Rev., 81, 527 (1951). 
? Bacon, G. E., Acta Cryst., 5, 684 (1952). 
* Squires, G. L., Proc. Roy. Soc., A, 212, 192 (1952). 
*U.S.A.E.C.U. 2040 (1952). 


* Heindl, C., and Ruderman, I. W., Columbia Univ. (N.Y.) Dept. 
Physics, Quarterly Report CU 97. 


* Egelstaff, P. A., A.E.R.E., N/R 1165 (1953). 


Photo-elastic Effect in Lead Nitrate 

In an earlier communication’, it was reported that 
barium nitrate behaves in an exceptional manner in 
respect of its photo-elasticity. Since then, crystals 
of lead nitrate have also been studied, and differences 
between the stress-optical constants, as determined 
by « Babinet compensator for the sodium D lines, 
are found to be: 


(aa — Yi2) = —19-13 x 10-18, (g,,—G,3) = —11-84 x 
10-* and q4, = —1-393 x 10-* c.«.s. units. 


These values are similar to those obtained in barium 
nitrate in being quite large. (¢1:-q12) is different from 
(911-913), @8 we should expect for the 7, class of 
crystals to which lead nitrate belongs. The difference 
is 60 per cent of the lower value and is very large 
indeed. As in barium nitrate, in this substance also, 
the birefringence produced by pressure along a cube 
axis is nearly fourteen times that produced by an 
equal pressure along a cube diagonal. The photo- 
elastic behaviour of lead nitrate is therefore to be 
regarded as highly anisotropic and very exceptional. 

S. BHAGAVANTAM 
K. V. Krisuna Rao 
Physical Laboratories, 
Osmania University, 
Hyderabad. 
April 10. 


4 Nature, 162, 740 (1948). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Tuesday, September |—Wednesday, September 2 


INTERNATIONAL JOINT COMMISSION ON QCEANOGRAPHY (in the 
Jane Herdman Geol Laboratories, University of Liverpool, 
Brownlow Street, Liverpool), at 10 a.m. each day.—Symposium on 
“The Deep Sea Floor and the History of the Earth’’. 


Wednesday, September 2—Wednesday, September 9 
BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (at 
Liverpool).—Annual Meeting. 


Wednesday, September 2 
At 8.30 p.m.—Sir Edward Appleton, F.R.S.: ‘Science for its Own 
Sake’’ (Presidential Address). 


Thursday, September 3 

At 10 a.m.—Sir Edward Appleton, F.R.S.: “‘Finding Things ( ut 
with Radio and Rockets’’ (Junior Presidential Address). 

At 10 a.m.—Prof. G. R. Clemo, F.R.S.: ‘‘A Suggestion and Some 
Consequences’’ (Presidential Address, Section B). 

At lu a.m.—Prof. J. E. Smith: “The Maintenance and Spread of 
Sea-shore Faunas’’ (Presidential Address, Section D). 

At 10 a.m.—The Rt. Hon. Lord Dudley Gordon: ‘Engineering in 
the Next Two Thousand Years’’ (Presidential Address, Section G). 

At 10 a.m.—Prof. J. Walton: “The Evolution of the Ovule in the 
Pteridosperms’’ (Presidential Address, Section K). 

At 12 noon.—Prof. D. W. Harding: “Psychological Problems in 
the Recognition of Excellence’’ (Presidential Address, Section J). 

At 2.30 p.m.—Dr. W. E. Swinton: ‘“‘Gateways of Science’’ (Presi- 
dential Address, Section X). 
Friday, September 4 

At 10 a.m.—Prof. Sir Harold Jeffreys, F.R.S.: “Half a Century of 
Geophysics’’ (Presidential Address, Section A). 

At 10 a.m.—Prof. R. H. Kinvig: “‘The Geographer as Humanist’’ 
(Presidential Address, Section E). 

At 10 a.m.—Prof. F. W. Paish: “‘Open and Repressed Monetary 
Inflation’’ (Presidential Address, Section F). 

At 10 a.m.—Prof. M. Fortes: “Analysis and Description in Social 
Anthropology’’ (Presidential Address, Section H). 

At 10 a.m.—Mr. Robert Birley: “Greek or Chemistry or Both’’ ? 
(Presidential Address, Section L). 

At 10 a.m.—Dr. J. Hammond, F.R.S.: “Applications of Animal 
Physiology to Agriculture’ (Presidential Address, Section M). 

At 8 p.m.—Sir Ben Lockspeiser, F.R.S.: “Fifty Years of Powered 
Flight’. 
Monday, September 7 

At 10 a.m.—Prof. T. Neville George : 
Evolution’ (Presidential Address, Section C). 

At 10 a.m.—Dr. D. P. Cuthbertson: “‘Quality and Quantity of 
Protein for Man and Livestock’’ (Presidential Address, Section I). 

At 8 p.m.—Mr. Eric Shipton: ‘‘Mount Everest’’. 


“Invertebrate Fossils and 


Wednesday, September 2—Saturday, September 12 
NATIONAL RADIO AND TELEVISION EXHIBITION (at Earls Court, 
London, 8.W.5).* 


Thursday, September 3—Thursday, September 17 
CHEMICAL PLANT EXHIBITION (at Olympia, London, W.14).* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

CHEMIST (with good honours degree or equivalent professional 
qualification, and preferably two or three years general experience 
in industrial laboratories) at the Central Laboratory, Chiswick—The 
Staff Officer (F/EV247), London Transport, 55 Broadway, London, 
S.w.1 (September 5). 

CIvIL ENGINEER (preferably Corporate Member of the Institution 
of Civil Engineers) IN THE GENERATION CONSTRUCTION DEPARTMENT— 
The Director of Establishments, British Electricity Authority, Winsley 
Street, London, W.1, quoting AE/406 (September 5).. 

SENIOR SCIENTIFIC OFFICER (with good honours degree in botany 
or agricultural botany and research experience in genetics and/or 
plant breeding) and a SCIENTIFIC OFFICER (with good honours degree 
in botany or agricultural botany) IN THE GRASS BREEDING SECTION— 
The Registrar, Welsh Plant Breeding Station, University College of 
Wales, Aberystwyth (September 5). 

ASSISTANT, male (with sound training in laboratory methods, both 
physical and chemical, and preferably with experience in biological 
work), for work on the development of storage techniques for fruit— 
The Secretary, East Malling Research Station, Maidstone, Kent 
(September 7). 

PHYSIOLOGIST (preferably with neurophysiological experience) IN 
THE DEPARTMENT OF APPLIED ELKCTRO-PHYSIOLOGY for duties which 
will include the supervision and interpretation of EEGs, EMGs, and 
other electro-clinical investigations, and research in these and related 
subjects, on human and animal material—The Secretary, The National 
Hospital, Queen Square, London, W.C.1 (September 7). 

ASSISTANT EXPERIMENTAL OFFICER or EXPERIMENTAL OFFICER AT 
THE AGRICULTURAL RESEARCH COUNCIL PLANT VIRUS RESEARCH 
UNIT, Cambridge, to work on insect virus d The Secretary, 
Agricultural Research Council, Cunard Building, 15 Regent Street, 
London, 8.W.1 (September 8). 
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DEMONSTRATOR IN ELECTRICAL ENGINEERING AND Puys: 
degree or equivalent qualification, and preferably with tpdnotca 
experience) to assist in organization, preparation and control of work 
in electrical and physics laboratories—The Principal, Royal Aircraft 
Establishment Technical College, Farnborough (September 8 

RESEARCH ASSISTANT (with good honours degree tn chemistry) ry 
THE DEPARTMENT OF CHEMISTRY—The Professor of Chemistry, Roval 
Holloway College, Englefield Green, Surrey (September 14).’ 

ASSISTANT LECTURER (with special interests in research 
psychology) IN THE DEPARTMENT OF PSYCHOLOGY, 

ASSISTANT to carry out experimental work under the Professor of 
—— Registrar, The University, Manchester 13 (Septem. 
8: 2). 

1 enane Sem ote aD LECTURER (Grade II) my 
) N SHEMISTRY—The Re » The Univ i 
(September 16). . University, Bristey 

CHEMISTS (with good honours degree or equivalent) IN THE Co4y 
SURVEY LABORATORIES at Cardiff and Chester, to undertake analytical 
and investigational work—The National Coal Board, Establishments 
(Personnel), Hobart House, Grosvenor Plave, London, 8.W.1, quoting 
TT/677 (September 19). 

_ LECTURER or ASSISTANT LEOTURER IN CHEMISTRY (with special 
interest in inorganic or analytical chemistry)—The Registrar, The 
University, Sheffield (September 19). 

RESEARCH OFFICER (with university honours in agricultural science. 
or a degree with postgraduate research experience ; or an honours 
degree in science, with agricultural training and experience) in the 
Commonwealth Scientific and Industrial Research Organization, Land 
Research and Regional Survey Section, Canberra, to participate in 
investigations concerning land use potentialities of undeveloped 
regions of the Commonwealth and to assist in preliminary surveys 
for special purposes—The Chief Scientific Liaison Officer, Aust: 
Scientific Liaison Office, Africa House, Kingsway, London, W.C.2 
quoting 570/26 (September 19). ; 

SENIOR RESEARCH OFFICER or RESBARCH OFFICER (with honours 
degree in agriculture or science, and experience in research in plant 
nutrition) to carry out investigations into plant nutrition and bio- 
logical problems, with particular reference to the cultivation of fruit 
trees, including citrus (Ref. No. 500/65); SENIOR RESEARCH Oy?IcRR 
or RESEARCH OFFICER (chemist) (with honours degree in science or 
agricultural science or equivalent qualifications, and preferably with 
research experience in soil chemistry) to conduct research into v: 
chemical aspects of plant growth and soil problems (Ref. No. 500/66), 
at the Commonwealth Scientific and Industrial Research Organizatioa 
Irrigation Research Station, Griffith, New South Wales, Australia— 
The Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
Africa House, Kingsway, London, W.C.2, quoting appropriate Ref. 
No. (September 19). 

DiREcToR (with high qualifications in agriculture or in one of the 
agricultural sciences, and with proved administrative ability, prefer- 
ably with experience of tropical agriculture) OF AN AGRICULTURAL 
RESEARCH AND TRAINING INSTITUTE in Burma; which is to be 
established for the improvement of Burmese agriculture by applied 
research and education—The Burmese Embassy, 19A Charles Street, 
London, W.1 (September 22). 

DIRECTOR (with high qualifications in veterinary science and proved 
administrative ability and preferably with experience in tropical 
veterinary medicine) OF A VETERINARY RESEARCH AND TRAINING 
INSTITUTE in Burma, which is to be established for the improvement 
of Burmese livestock by applied research and education—-The Burmese 
Embassy, 19A Charles Street, London, W.1 (September 22). 

LECTURER (preferably with a medical qualification and some ex- 
perience in protozoology) IN THE DEPARTMENT OF PARASITOLOGY 
to carry out teaching and research work under the direction of the 
Head of the Department—The Dean, London School of Hygiene and 
Tropical Medicine, Keppel Street, London, W.C.1 (October 1). 

LECTURER IN CLINICAL CHEMISTRY—The Secretary, The University, 
Aberdeen (October 15). 

CHEMIST (with good honours degree in chemistry and an ability to 
study agronomic problems and with knowledge of soil chemistry and 
physics) at the Sugarcane Research Station, Mauritius—The Director 
of Recruitment, Colonial Office, Great Smith Street, London, 8.W.1, 
quoting 27106/37. 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF 
ELEOTRONIOS—The Secretary and Registrar, The University, 
Southampton. 

PHYSICIST (with first- or second-class honours degree in science, 
and preferably five years experience as a hospital physicist) IN THE 
MEDICAL DEPARTMENT of Hong Kong—The Director of Recruitment, 
(Colonial Service), Colonial Office, Sanctuary Buildings, Great Smi 
Street, London, 8.W.1, quoting CDE.117/51/013. 

PHYSICISTS, MATHEMATICIANS and ENGINEERS (Scientific Officer, 
Experimental Officer and Assistant Experimental Officer grades) at 
the National Aeronautical Establishment, Bedford—The Ministry of 
Labour and National Service, Technical and Scientific Register (K), 
26 King Street, London, 8.W.1, quoting A.209/53A. 
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